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I. suMMARY

The objective of this study is to develop an understanding of

the nature and distribution of permafrost beneath the ocean and barrier

island along the Alaskan Sea Coast. Marine seismic refraction equipment

the primary tool used in this study has shown submarine permafrost to be

present at relatively shallow depths to distances of at least 20 km

from shore. TO put these observations into perspective, three principal

points discussed at the Barrow Synthesis Meeting in January, 1978, are

listed as bounds on the distribution of offshore permafrost.

On the basis of bathymetry and sea level history:

(1) Shallow, inshore areas where ice rests directly on the sea

bottom are underlain at depths of a few meters by ice-bonded equilibrium

permafrost. Ice-rich permafrost must be anticipated where ever the water

is less than 2 m deep.

(2) Ice-bonded permafrost was once present beneath all parts of the

continental shelf exposed during the last low sea level interval, and con-

sequently relict ice-bonded permafrost may persist beneath any part of the

shelf inshore from the 90 m isobath. (Depths to relict permafrost have

been observed by members of this research unit to

less to depths greater than 100 m. Similar depth

Canadian coast range from 10 m to 250 m.)

range from 10

data gathered

m or

along the

(3) Ice-bonded permafrost is probably absent from parts of the

Beaufort Sea shelf seaward from the 90 m isobath, although subsea temper-

atures are probably below O C.
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In addition to these general guidelines, some specific

resulting from the current studies can be listed along with

implication of offshore oil and gas development:

a. From, ,(2) above,. we conclude that in. some offshore,. ,,

conclusions

their possible

areas where

permafrost is relatively far ,from the ocean bottom it is possible to bury,. .

hot, oil. pipelines be,n~z+h.  ,the,oqean..,. ,,-, ,,

It may not be possible to bury hot oil pipelines in near shore areas

where permafrost, can be .Zce-rich,  and located within a few meters of the oceal. ..!.. ,.* ., . ...’. ,,

bottom..,, . , . . .

b. Seismic studies outside of the barrier islands have shown that,-

the depth: of,+ce-bonderd,pe  rmafrost,,are  n~t simply related to their dis-,. . ,,: ,,

tance from. sho~e. . . In the Pr.ud:hoe Bay area shallow .ice-bonded  materials. . ..-. —,,.. ,’. : . . .

have been mapped offshore of the islands while nearer to shore these.

materials are considerably deeper.

, c. ,,,,The  barrier islands, are not uniformly underlain by ice-bonded.:, ..-

permafrost. Areas with.no ice bonding have been observed. In these cases,.-. ’,.,. .“., ., ... .’ ..,.,

it should be possible, for hot oil, gathering lines ,to cross the island areas. . . . . . . . . ,,.,. ,.! .,’.

with no adverse effects from +ce-bonded !na~erials. .,. . . .,:. , ... , ,. ..-. .,

,d. Also from.,,(2) above, we conclude that cold gas ,lines can be

buried in the. offshore re.g,io,ns  where anon-frozen layer exists but that,.. ,.’ .“ !’-.

the problem ofzf,re.eze-back  m,ust,,be dealt with. The.presence  of, salt brine. . . . . . . . . . . .

complicates this.pro~lem beyond the onshore freezing problem.,,

e. Former thaw .lakes aqd old river valley which contribute to the. . . . . ,.

variability. of ,$he upper permafrost surface. can be found in subsea perma-,. . -, .,

frost of land origin. It may be possible to utilize these areas for off-

shore structures and avoid ice-bonded materials if desired.

4
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II. INTRODUCTION

A. Gerleral Nature-and Scope

This project is particularly concerned with the comparatively un-

known areas offshore and along the barrier islands where subsea permafrost

has been shown to exist. A high priority was established for mapping the

distribution of offshore permafrost.

The study, which utilizes seismic refraction techniques to probe

the ocean bottom along the

April of 1975. Because of

Alaskan Beaufort Sea coast, was initiated in

the nature of the geophysical tool the pri-

mary data gathered are

frost. The study will

proposal to BLM.

depths to the upper

provide information

surface of the subsea perma-

relevant to task D-8 in NOAAIS

B. Specific Objectives

Using the equipment

and Relevance to Problems of Petroleum Development

purchased by the program, data are being gathered

which enable determination “of the dis&ibution  and nature of offshore perma-

frost. The most important parameter to be determined in this study is

the distribution of offshore permafrost. Also, the depth to the top of

the bonded permafrost beneath the ocean floor is to be determined.

Another objective is compilation of the above parameters for use by other

principal investigators and appropriate agencies and industries.

The Prudhoe Bay area and adjacent offshore islands is the primary

focus of this study. The truncation of permafrost beneath the ocean is

5



of interest, particularly the shap”e of the frozen-nonfrozen boundary.

._ThusZ the second major objective is the determination of the shape of

the boundary., One important facet of this objective is determining the

nature and extent of permafrost ..beneath the barrier islands. These
,,-.

results will provide valuable information for refinement
,.-, ,, . .

of thermal models a’s well as for determining
. .

shore oil and gas development.
.,

The third major objective is to provide

operational

information

and testing

methods for off-

to support

reconnaissance drilling programs including those of the University of

Alaska, CRREL, and the USGS. ‘Drilling provides information on bottom

conditions only near the drill hole. It is possible, using the seis-

mic technique, to extend such site ‘specific information

from the drill site, by correlating seismic data at the
.“

at the remote

suggest areas

Sp”ecific

locations. Also, seismic information can
,,

for future drilling investigations.

to areas remote

drill site and

be used to

and detailed relevance to problems’of offshore” petroleum. .!

development have been addressed in the synthesis document developed. .

by the Earth Science Study Group at Barrow in January, 1977. The .. .

reader is referred to the

that report.

section on permafrost-induced problems from

. .

6



111. ” 12URRENT  STATE OF KNOWLEDGE

The sea floor along the Arctic Coast is known to be underlain by

permafrost. At this time, although relatively little is known about

offshore permafrost properties including its distribution and the dynamics

of” its formation and destruction, definite progress toward more understanding

is being made. Several of the problem areas needing investigation have

recently been discussed in “Priorities for Basic Research on Permafrost”

and also in a position paper for the National Science Foundation titled:

“Problems and Priorities in Offshore Permafrost.”

Extensive permafrost has been reported beneath the Canadian Beaufort

Sea (Hunter, et at, 1978) and beneath the water of Prudhoe Bay, Alaska.—

(Osterkamp and Harrison, 1976, 1977). Some of the physical processes

involved in the degradation of relict permafrost are beginning to be under-

stood and in

the salinity

‘Current data

255, 256, by

involved are

addition to temperature, the porosity of the sediments and

of the interstitial liquids have been shown to be important.

are available in the annual reports of research units 253,

Harrison and Osterkamp. Some details of the processes

also found in Harrison and Osterkamp (1976). The results

reported here are in agreement with the drilling results obtained by the

Joint USACRREL/USGS  drilling program (R.U. 105) as reported by Sellman

et al. (1976) (see also Chamberlain et al, 1978). In last years annual.— ——

report a close correlation between their drilling and our geophysical

results was shown. Also, the geophysical results are in general agree-

ment with those of Osterkamp and Harrison. The depth of the permafrost



upper surface is currently known along several transects made both inside. .

and outside of the barrier islands. Widespread aerial distribution and

depth information remain to be determined although it is possible to make

some general statements regarding offshore permafrost, (see the summary

section of this report) , and to sketch regions of known shallow perma-

frost (see area map later in this report).

IV. STUDY AREA

The area investigated during this study is shown in Figure 1.

Several vessel track lines .sliown in the figure and identified by letters

were run during the 1978 summer field season. Past reports by this re-

search unit have shown other lines in the area covered by Figure 1. The

reader is referred to those reports to complete

run to date.

v. SOURCES AND METHODS

Shallow seismic refraction techniques-have

a listing of all lines

been documented by

Grant and West (1964) and their application to the detection of subsea

permafrost has also been described (Hunter, 1974; Hunter and Hobson, 1974).

The seismic refraction data

using two 40 cubic inch air

signal was detected along a

taken in and near Prudhoe Bay were collected
.,..

guns as a acoustic source and the refracted

hydrophore line towed behind a 21’ vessel.

8
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The air guns were fired

output were recorded in

simultaneously

analog form by

and the 24 channels of hydrophore

a chart recorder. These data

were gathered at several points along the ship transects, scaled and re-

duced to time-distance plots. Over 300 of these plots were made last sea-

son along 120 km of vessel track.

The time-distance plots are used to determine seismic velocities

in the sub-bottom material and depths to various layers. The velocities

are then used to determine whether the bottom materials are frozen. Perma-

frost velocities in the materials near Prudhoe Bay are typically between

2500 m/s and 3000 m\s while similar materials in the nonfrozen state

typically have velocities ranging from 1600 m/s to 2000 m/s (Rogers

et at., 1975). Significant velocity contrasts such as these, which are——

typical of coarse sandy materials, allow easy classification of materials

into the frozen or unfrozen state.

VI. RESULTS and VII. DISCUSSION

We have compiled the results

in Figure I. The shaded areas on

of all of

the chart

our marine refraction lines

have been sketched to indicate

areas of observed shallow surmarine permafrost. In all cases the ob-

served permafrost is 40 meters or less beneath the water surface and

in most cases it is 30 m or less beneath the water surface. Areas

where refraction lines have consistently shown high velocity refraction

(velocities greater than 2500 m/s] have been connected together to in-

dicate probable regions of continuous bonded permafrost at depths less

11



than 40 meters.

a region. Where

materials, local

The area north of Reindeer Island is an example of such

refraction lines have only sporadically shown bonded

shading has been used to indicate the sporadic nature

of the observation. The shaded patches south of Cross Island are an

example of this interpretation.

No correlation has yet been made with geological information. A

recent shallow offshore drilling program sponsored by the conservation

division of the U.S. Geological Survey will provide a great deal of new

information on shallow bottom materials. When these data become avail-

able they will be compared with the geophysical results gathered to date.

Regions where bonded materials occur at depths greater than 40

meters have not been included because we have little information at

these depths. (The present refraction system is depth limited due to

energy limitations.] However,

the area between the West Dock

1978 Annual Report).

Several vertical s,ections

deeper permafrost is known to occur in

and Reindeer Island (see the April 1,

have been prepared which show the water

depth and depth to ice bonded materials observed by the refraction

measurements. Figures 2 through 9 represent vertical sections through

the vessel track lines identified in Figure 1. Other vertical sections

have been given in past reports and are not reproduced here. The figures

indicate the permafrost surface relief is often on the order of 15 meters

over a 10 km line. In some locations the surface relief is “probably

much.greater  than ,15 meters. Figure 5 shows locations where high velocity

refractors were not observed along line 0–01’ at distances of 11 to 13

kilometers from the start of the line. It is quite possible that a re-

12



fractor was located below the observation depth of the refraction

system (approximately 40 m). If this were the case the surface relief

could be

Range of

in excess of 30 meters over the distance of one kilometer.

Observed Velocities:

Differentiation of ice-bonded materials from non-bonded materials

as shown in Figures 2 through 9 depends upon a significant velocity differ-

ence between these states. Figure 10, taken from a report by Rogers et al.,——

1975, shows a clear separation of velocities observed near Point Barrow,

Alaska. The low velocity group, velocities below 2000 m/s corresponds

to non-frozen sandy gravels while the high velocity groups, velocities

above 2500 m/s, corresponds.to  those same materials when ice bonded. All

of the refraction lines used to produce the figures were reversed so

effects of sloping layers have been removed from the

Figure 11 is a histogram of velocities observed

The observed velocities are not clearly separated as

velocity data.

near Prudhoe Bay.

was the case for

the previous figure. However, there is an apparent bimodal distribution

with one significant grouping below 2200 m/s and another grouping above

2600 m/s. Two factors probably account for the lack of a clear separation

of the high velocity group from the low velocity group.

fraction velocities were determined from reversed lines;

effects of sloping refractors have not been removed from

None of the re-

consequently

the data. Also ,

the later velocity data were taken from a wider geographical area than

that of Figure 10 and the materials are known to vary from sandy “gravels

to silts and clays. Virtually all material encountered in these seismic

13
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,., .

. . >.

Figure lU: Refraction velocities measured near Pt. Barrow, Alaska. In all
cases, group I corresponds to velocities in non-frozen sandy gravels, while
those in group II correspond to similar materials in the,frozeri state.
Velocities measured in the Prudh~~ Bay area’ com~~re well with these data and
generally velocities of 2GO0 ms and 3000 ms correspond to the non-frozen
and frozen states. ... . . . .
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,.

surveys are expected ‘to show a significant

the frozen and non-frozen state. However,

generally have higher velocities than fine

velocity difference :between

non-frozen coarse materials

grained non-frozen materials.

This fact will tend to broaden the two velocity groups and to obscure
,.

their separation. One can estimate the effects of a dipping refractor

for the

lations

between

velocities encountered in the-Prudhoe  Bay area using known re-

(see Grant and West, Pg. 150). Figure 12 shows the relationship

observed velocity and refractor dip calculated for dip angles ranging

J from +10° to -1OO. Tha assumed refractor velocity is 2800 m/s and it is

seen that the observed velocity of this refractor varies from 2420 m/s

to 3440 m/s. The significance of this variation on the observed velocities

is shown in figure 11 by the horizontal line. A +10° dip variation is—

seen to vary the observed velocity from -14% to +23% of the actual velocity.

It is thus possible that refractor dip is responsible for a significant
,,

part of the variation in observed refractor velocities. It should be

noted that for a series of random dip angles the average of the apparent

velocity data will be shifted above the actual average velocity. Using the

velocities calculated for +10% it is seen that the .aver,age velocity is
.— .,

2920 m/s or 120 m/s higher than the actual velocity.

The relatively large number of velocities observed below 1800 m/s are

believed to result from the fact that in shallow water the effects of the,

water layer is not taken into account. The result of this approximation

is that a sizeable nuinber of velocities are observed that are slightly

above the tielocity of sea water (approximately 1500 m/s). This “average”

velocity observed represents the combined effects of the shallow water

and the materials near the sea bottom.

24



I 0°

5’

o’

“54

-1 o’

Va=2800 m/s

I 8 c

2.5 3.0 3.5

OBSERVED VELOCITY (KM/S)

Figure 12: Observed velocity for a sloping refractor. Upper
material velocity is assumed to be 2000 m/s and
lower material velocity is assumed to be 2800 m/s.

25



VIII . CONCUSSIONS

In an attempt to summarize conclusions to date, we list below a

series of conclusions from past reports with appropriate modifications

resulting from more recent data. It must be remembered that the rather

limited geographical coverage to date

perhaps regionally Mnited. However,

priate to the very important offshore

Bay oil fields.

means that the conclusions are

the conclusions are certainly appro-

area adjacent to existing Prudhoe

A. In past reports we suggested that one possible way to deal with

shallow permafrost near shore is to extend a causeway from shore

to regions offshore where the ice-bonded permafrost is sufficiently

deep so that any thaw bulb from a hot oil pipeline would not affect

the permafrost. At least two occurrences of relative shallow sub-

marine permafrost (7 m and 8 m beneath the ocean bottom in water

depths of 10 m and 6 m respectively) have been observed at distances

up to 18 km from shore. Thus the

is seen to be highly irregular.

surface of the bonded materials

B. Seismic reconnaissance on three barrier islands indicates that they

are not all completely underlain by bonded permafrost, but that some

may be free of ice-bonded permafrost. Certainly this conclusion is

dependent upon the history of the islands; ,whether it is a fragment

of a former shoreline or whether “it is a constructional feature.

Alsor the width of an island, its migration rate and soil types are

important. We have observed continuous bonded materials beneath Stump

26



Island along its entire length. In contrast, no high velocity re-

fractors have been observed on Reindeer Island. Jet drilling on

the island indicates a highly variable material beneath this island

some frozen and some not frozen (conversation with Will Harrison) .

We have observed high velocity refraction on portions of Cross Island.

Islands such as Flaxman Island which

to be underlain by thick permafrost.

highly variable with regard to their

are land remnants can.be expected

Thus, the islands seem to be

permafrost conditions.

c. Prudhoe Bay appears to be an old thaw lake (see the 1978, 1977

annual reports) and therefore presents a large dip or possibly a

window in the surrounding bonded permafrost surface. This is

site specific information, but it seems unlikely that there are not

other old thaw lakes offshore along the Beaufort Seacoast. Also ,

Dave Hopkins has suggested the existance of paleo valleys which

may present large depressions in the permafrost surface or the., ,.

absence of permafrost in these areas (Hopkins, 1978). Knowledge

of such sites could provide permafrost free locations gor bottom

founded structures or, if such locations are

particular application, old thaw lakes could

D. Several island sites have been studied where

not desirable for a . .

be avoided.

seismic velocity

data and drilling data seem not to agree; drilling evidence in-

dicated frozen material, but refraction velocities were not high.

Our conclusion is that ice-bearing materials should be distinguished

from ice-bonded materials. Brine inclusions depress the freezing point

of a material and tend to spread the freezing point from a discrete

temperature to a range of temperatures corresponding to various stages

27



of freezing. Thus a material may have ice inclusions but may not be

ice-bonded and hence present a relatively low velocity compared to the

totally bonded material. The distinctions

bonded is important from the standpoint of

example, an ice-bonded material may have a

stress, but the same material when not ice

between ice bearing and ice-

material properties. For

high resistance to shear

bonded may have little

shear resistance. An important parameter affecting offshore perma-

..-
frost is temperature; in contrast to permafrost on land it is re-

latively warm and consequently more thermally fragile. This fact

coupled with the presence of salt water accounts for some of its local

variability.

An

1979 by

IX. NEEDS FOR FURTHER STUDY

extensive drilling program conducted during

the U.S. Geological Survey, has resulted in

February and March

a wide spread shallow

coring program. There is a good opportunity to correlate SeiSmiC Ve~OGikieS

with the soil types and with frozen materials. Refraction lines will be

run in the locations of many of these drill holes and information about

the state of the permafrost which has been determined locally by sampling

and temperature measurements will be extended by the seismic lines.

Another feature requiring further investigation is the possible

existance of paleo valleys. The permafrost distribution in these areas

is expected to vary significantly from adjacent areas.

28



x. SUMMARY OF LAST QUARTER

FIELD WORK:

During the last week in March the site of one of the U.S.G.S

conservation division drill holes were visited and sonic velocity ~.easure-

ments were made as a function of depth into the drill hole. The site

visited was Tract 129 of the proposed State-Federal Beaufort Sea Lease

Sale. James Rogers and John Morack conducted the field work.

DATA COLLECTED:

Several dozen records were taken of the sonic travel time from

the ocean bottom where an air gun was discharged to a hydrophore lo-

cated at varying depths in the drill hole.

ANALYSIS :

The travel time data are being reduced to velocity data. This re-

duction will result in sonic velocity as a function of depth and will

provide useful information for the marine refraction work. This is the

first data that have been obtained in this region where the sonic waves

travel in the vertical direction rather than in a horizontal direction.

Thus the data should provide better information on the vertical variation

of velocities and in some cases they should help resolve the question

of how thick a frozen layer must be to be observed by the refraction

method.
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I. Summary of Objectives, conclusions and implication with respect to OCS oil and
gas development.

Lower Cook Inlet: Our work in lower Cook Inlet in 1978 had seven major
objectives: study the migration of large bedforms, conduct detailed observations
on bedforms in a small area where the GEOPROBE was located, obtain ground truth for
side scan sonar records collected over different types of bedforms, collect additional
coverage of an east-west strip through the inlet to study boundary characteristics
of bedform fields, determine the surface characteristics of the “snnoth” area north
of Cook Ramp, obtain data on sediment transport over the bottcm and conduct a pilot
study of volcanic deposits off Augustine Island.

The study of the migration of l~ebedfonns was a continuation of a similar
investigation done in 1977 under pcor sea state conditions. The idea was to rerun
a number of selected lines obtained in 1973 and 1974 by industry. Careful rerunning,
utilizing preplots, provided us with overlapping high-resolution seisnic profiles
and monographs. Comparison of the idustrial data with ours shows that no observable
change in identity, size and position could be noted over a 4 to 5 year period.
This does not deny that motion has occurred, but indicates that migration is less
than the accuracy of positioning.

A small area close to the 1977 0C13ANRANGER site was selected for deployment of
the GE3PROBES (see R.U. #430). Due to the availability of reconnaissance lines
run by Cacchione and Drake we continued our investigations in that area utilizing
high-resolution seisnic profiling, side scan sonar, bottom television and camera,
and profiling current meter. The large bed.fonnswith  heights up to 8 - 12 m are
highly three-dimensional with large lateral variations of crestal heights.

The interpretation of side scan sonar can be very difficult and differences in
darkness on the record can easily be interpreted wrongly, as we discovered with
the kottom television/camera investigations. The smaller or lower bedfonns, such
as small sand waves and sand riblxms, are especially much less in height than measure–
ments frcm monographs suggest. Often the sand bodies are in the order of l@20 cm
high with wide bands of lag deposits in the troughs or adjacent to the sand ribbons.
Measurements on monographs are based on the assumption that angles of incidence me
measured rather than materials with different reflectivities. Originally it was
thought by us, and others who looked at our results, that such sand bodies were on
the order of 50 to 150 cm high.

In 1977 we started to collect a dense coverage of high-resolution seisnic profiles
and monographs in an east-west orient~ rectangle to study the variation in bedfonns
and their boundary characteristics. Part of the results were poor owing to sea state
conditions. In 1978we added several lines to this study segment. No detailed plots
and analyses have been conducted at this time.

The “srmoth” area north of Cook Ramp, boundd in the southby the ramp face
and to the north by bedfonns, puzzled us with respect to its nature. Bathymetric
profiles show that it represents a shallow depression. Bottcm television and camera
indicate that it is covered by a variety of small ripples and an abundance of sessile
plants and animls, and by molluscs. Althoughwe lack current infomnation  this
area may represent a zone of low current activity preventing construction of larger
bedfoms.  It is difficult to see it as an area of bypassing due to high currents
when comparing this area to other depressional areas. The steering effect of the
ramp on the inccming tide may indeed cause a low velocity zone at the top of the
ramp.
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,We have undertaken a number of observations on the movenent of sand grains .
by combining vertical current profiles, bottom television/camera, and dispersal
studies.”~e results show that si~ificant active movenent takes place only during
spring tide during the last few hours of each ebb and flocd cycle. It is assumed . .
from these point observations that this is representative for the area.

A brief pilot study of offshore volcanic deposits”was  conducted on the east
side of Augustine Island to ‘observe’the feasibility of using a large vessel and
our equipnent, The shallow”water  with local peaks in the seafloor is too threatening
for a large-sized vessel, and definition of our’ high-resolution seisnic records
is insufficient t“o observe possible lava flows due to “the multitude of multiples
off the hard bottcrn. Television observations show heavy overgrowthby sessile
plants obscuring the bottcxn. characteristics, and considerable turbidity in the
water Column.

In conclusion, our observations in lower Cook Inlet thk far indichte that .
sand transport over the bottan exists”but  is less severe t% thought originally
However, the loose nature of the sand, canbineil with the strong bottan currents,
can provide anchoring difficulties for drill ships and semisut!nersibles,  and may
cause severe erosion of pipelines. We observed that small mnoun~s of fine material
(clay and organic matter) appear to inhibit transport when threshold velocities
are reached. Stirring up the sand may cause removal of such fines and erosion
may become more severe.

Kodiak shelf: Our work on the Kodiak shelf in 1978 had three major objectives:
1) detailed study of a seaflmr fault to possibly determine the recency of movement,
2) search for sediment slides on some steep portions of the shelf, and 3) reconnaissance
study of gas-charged sediment.

Study of the seafloor fault proved generally unsuccessful. A detailed seisnic-
reflection and side-scanning sonar survey showed insufficient quality of fault-
related features to guide subsequent television observations and sampling.

A seisnic-reflection survey in and around Sitkinak Trough, where seafloor
gradients reach 8+0 and are some of the ste&pest on the Kodiak shelf, failed.to’ ~

record any.evidence of sediment slides. So far we have found no indication of
significant slope instability on the shelf, although major slides have been found
on the adjacent continental slope.

Sediment cores containing gas-expansion ,voids and showing high methane concen–
trations  were iecover~ at four locations in~hiniak, Kiliuda, and Sitkinak Troughs
Acoustic inomalies  appear in Seismic reflection records at these and several other
localities. No hazardous .featuressuch  as sediment slides or low.strength have
so far been found associated ~th this sediment:” ‘.’

.-
11. Introduction

,. ... . .

A. General Nature and Slope of Study: Assesmenk of the environment
hazards, sediment types’”and sediment distribution in lower Cook Inlet
Kodiak”shelf, western Gulf of Alaska. $,”.

,“.

geologic
and on the

B. Specific Objectives: The identification of active surface faults, areas of “
sediment instability the relation of sediment types to bottan morphology. and ‘
circulation patterns, and types and movement of bedfomns. .“
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C. Relevance to problms of Petroleum Development: Active faulting and sediment
instability are potential dangers to offshore structures. The relation between
nmrphology and sediment characteristics will identify the presence of areas where
erosion is more active than deposition and areas that are sediment traps and conse–
quently may act as sinks for pollutants aswell as nutrients. Transport of sand
over bedfonns likely will increase once the sediments are stirred up by anchoring
and trenching activities thereby removing fine clay and organic matter that presently
decreases the natural erodibility.

111. Current State of Knowledge

Lower Cbok Inlet: Field studies conducted during the sumners of 1976, 1977
and 1978 show that no significant recent faulting can be detected within the lease
area (sale Cl) in spite of the high seisnic activity of the area. A few faults
with vertical offsets at the surface have been detected in Kamishak Bay and around
the Barren Islands.

The influence of volcanisn is pcmrly understood as far as the open-water area
is concerned. Volcanism may have severe secondary effects on land, especially
mudflows in the Iliamna area. Nuees ardentes are characteristic for Augustine
but their distance of travel over water is unknown. Juergen Kienly (RU ##251) addresses
the volcanic problans.

The nature of the surficial sediments (semiconsolidated pebbly rmdstones of
possible late Pleistocene age, locally overlainby a thin blanket of sand) does
not show slumping on any of the local slopes. Liquefaction of sand may occur under
dynamic loading conditions but no evidence has been observed. Sand, ranging in
thickness from a few centimeters to 15 meters (crests of very high bedforms), does
not occur on many slopes except for @ok Ramp. If liquefaction takes place there
may be insufficient thickness available to be a significant threat of consolidation
or flow.

Gas-charged sediments have not been observed in records collected on board
the R/V SEA SXNDER. However, the USGS Conservation Division in Anchorage claims
evidence for the presence of such gas-charged sediments south and southeast off
Augustine. Conservation Division also found water colurrm bubble indications on
3.5 ldiz records. We have not seen those proprietary records and can only state
that a few abnormalities exist in that area on our records, possibly indicating gas-
charged sediments. However, the record characteristics differ frcm SEA SQUNDER
records in other areas where gas-charged sediments do occur.

Sediment distribution and composition has been reported in previous reports.
We are still adding data points but no change in the overall patterns are evident.

Considering the objectives given under point I, the only adverse effect on
OXl oil and gas development are the bedfonns present in the sand blanket that over-
lies the pebbly mtds. The thickness ranges fmm a few centimeters in the north
and at the eastern and western bormdaries up to 15 meters as crestal heights of
the largest bedforms. Repetitive surveysof a number of selected lines show that,
within the accuracy of Mini-Ranger navigation , no conclusive indication can be
obtained as to the migration of 6 to 15m high sand waves over the period 1973
to 1978 (Appendix 1). Additional canplications  became apparent fmn our detailed
survey that shows that these large bedfomns are highly three-dimensional referring
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to the rapid” variations in” elevation of crests (Appendix 11). Consequently, when
an orginal survey line is repeated and they are not coincident within 20 to 30
m over the previously run line, one may obtain measurable differences that can
be interpreted incorrectly. The study, described in Appendix I, ..in collaboration
with John W. Whitney and Dennis Thurston of the USGS Conservation Division in Anchorage
and with William G. Noonan of Marathon Oil in Anchorage, clearly demonstrates that
the large bedforms do not move measurably over a period of 4 years. However, sand
nmvement has been observed on bottom ~.elevision and via time-lapse photography
from the GEDPROBE. The latter also ,shpwed that asyrrmetry  of ripples reverses from
ebb,to flood tides and. vice versa, and that a minor storm in October 19’78 had a
sigriificant influence on the bottm. In addition, we showed last year that drill
cuttings frti the C.O.S.T. well were incorporated in the sediment at least to the
depth of the core (13.5”cm) With concentrations at 4.5 to 6 an and 10.5 to 11.5
cm, two depths that correspond to ripple and small sand wave heights. This
incorporation took place during the surrrrier after a dril~in,&  period of 1420 days.

We also discove&d  (Appendfi II) that velocities higher than the threshold
velocity for the particular sand size has to be obtained to really move sand.
Preliminary analyses indicate-that a.small amount of fine clay and/ororganic matter
protects the sand f’rq moving at threshold velocities.

The interpretation of monographs is still in a state of infancy. When bottcm
features are sufficiently high to be identified on bathymetric profiles, a certain
ground truth for the monographs is provided, and the canbination of both types
of records can le@ to.a three-dimensional morphological interpretation. It has
to be kept in mind that.a sonograph displays nuances in acoustic reflectivity that
can result either frbn different types of materials or from differences in angles
of incidence. Material differences can only be detenninal by bottan television/
photography and by sampling. Often, certain characteristic patterns showup on
monographs that provide an interpretive answer. However, when bottom features
are of 10W” relief,and c~ot be identified on bathymetric profiles, it is easy
to obtain aii incorreet interpretation (Appendix 111). For example, it is impossible
to distinguish on,a sonogYaph thb difference between a flat bottcm with no sedimentary
features; gravel or shells, smll ripples, or a rocky bottom with heavy overgrowth
of algae. E?ottom television and camera observations are the only present means
to characterize such bottans. A difficulty is that the size of the snallest object
.identifiable’on a sonograph varies, based on ship’s speed and height of the side
scan sonar fish off bottom. When currents are strong aminimun ship’s speed is
required to maintain a desired heading. In reality the smallest object identifiable
on a sonograph is often still larger than can be seen at any time on the television
or on a-bottom photograph. Consequently, long television/camera observations have
to be made to obtain sty!ficient  data to identify the sonograph feature properly.
This is well illustrated when dealing with small sand waves. The light and dark
patterns on a sonogaph clearly show the overall shapes and directions. Normally
it is assumed that the dark bands represent slopes facing the side scan sonar fish
amd heights can then be calculated. Our television observations showed that the
assumed flanks of ’50-150 cm height in reality represent wide bands of highly reflective
shells and shell fragments, and that the sandy part between those shell bands are
not more than 10-20 cm high (Appendex 111). Television-observations also show the
patchy nature of sediment types and biota, which in turn denmnstrates the danger
of interpretation and of local classification based on one or a few samples. A
combination of high-resolution seisnic profiles, monographs, sane television/camera
coverage and a few samples normally is sufficient for galogical purposes but may
lead to wrong conclusions when quantifying biological aspects or trying to obtain
an accurate pipeline corridor survey.



Kodiak Shelf: The current state of knowledge about gmlogical and geophysical
envircmnental conditions on the Kodiak shelf have recently been ~i@ by Hampton
and others (1979; see Appendix IV). The geo-enviromental  concerns are associated
with the seismtectonic  regime and the physical properties and dispersal of sediment.
Included are the distribution of earthquake epicenters, tectonic segnmtation,
occurrence of shallow folds and faults, texture and composition of sediment, gas-
charging of sediment, bedfomm,  slope stability, and sediment dispersal patterns.

The 1978 cruise program included three main objectives on the shelf: 1) detailed
study of some major surficial faults to determine recency of movement, 2) recm-
naissance survey of Sitkinak Trough to determine the nature of its sedimentary
fill and to search for areas of slope instability, and 3) evaluation of the occurrence
of gas-charged sediment tiing geochemical  and g~physical methds. Notes on the
tracklines, sampling stations, and data collected on the cruise are being compiled
for an upccming Open-File Re~rt.

The faults chosen for detailed study trend across the landward edges of northern
Albatross Bank, Kiliuda Trough, and middle Albatross Bank. Seiemic-reflection
records across the faults show that they offset the seafloor, suggesting activity
that post-dates late Pleistocene thne. In partictilar, they ap~ to trend across
sedfint that infills Kiliuda Troigh from the sides and was probably deposited
during the last marine transgression. The 1978 program was designd to examine
in detail the relationship between the faults and this lateral infill using high-
resolution seismic reflection, side-scanning sonar, and underwater television systans.
We especially wanted to determine if the lateral infill had been offset by the
faults, and to take sediment samples for dating. Thereby, the maximum tim since
last movaent could be determined. Unfortunately, the seisnic-reflection  and side
scan surveys did not show any obvious features that could be US* to guide subsequent
television observations and sampling efforts. Insufficient time was available
for further surveying work, and the project was terminated.

Three seismic-reflection lines were run across the head, middle, and mouth
of Sitkinak Trough. Three cores were collected; two near the rnmth of the trough
(oneon the eastern sideat 56008’N/153°29.6’Wandonenear  the axis at 56005.6’N/
153031.3’W)  andone in the middle (near the ~is at .56007.6’N/15303804’W)o l“he
walls of the trough have scme of the steepest gradients found on the Kodiak shelf,
ranging up to 8+0 and typically being on the order of 30-4°. The trough contains
a thick, stratified fill spanning up to 400 milliseconds of two-way travel time
in the seismic profiles (scmewhat less than 400 meters). The g-try of the sediment
body suggests that infill has been mainly frcm the southwest. The sediment cores
are composed of greenish to bluish mud, with sand and siliceous microfossils.
This sedirmsnt fill is different fran that in the other troughs on the Kodiak shelf
in that it is much thicker (400 ms vs. 20 me) and contains less volcanic ash.
Vane-shear strength measuranents  on a core from Sitkinak ’Ikough are generally of
lover magnitude than for thoseon several cores frcm Kiliuda Trough (Appendix VI).

The main purpose of the Sitkinak Trough work was to search for occurrences
of sediment slides along the steep margins. No evidence of slides was detected
in any of the records.
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Gas-charged sediment was recovered in cores at four localities (Fig. 15 in “
Appendix IV). These cores contain gas-expansion voids where methane levels were
measured in excess of a few 106 nl/1 (Appendix V). They also typically contain
abundant layers and patches of black material that apparently are concentrations
of ogranic matter. At three of the four localities (excepting the one in Sitkinak
Trough) plus several others, distinct acoustic anomalies occur in siesmic-reflection
records and can be traced for significant distances (Fig. 15 in Appendix IV).
These anomalies appear as variations in the strength of the return acoustic signal
fran particular reflectors or intervals; varying fran acoustic transparency to
opacity. Thus, the ananalous  areas are characterize by abrupt lateral variations
in seismic-reflection signature. The gas-charged sediment shows no sign of sliding
where it occurs on sloping sections of the seafloor (up to 1 3/40), and vane shear
measurements show no obvious strength differences from cores that are not gas-charged
(Table 1 in Appendix IV). The environmental significance of the gas-charged sediment
cannot yet be fully assessed, but no hazardous features have been found associated
with it at this time.

New data on the physical properties of Kodiak shelf sediment include grain
size and textural parameters, bulk density, water content, grain specific gravity,
void ratio, and porosity (Appendix” VI). Much of these data are frcm a recent Masters
thesisby Burbach (1977). The grain-size data sup~rt earlier conclusions that
sediment from the main portions of the banks is coarse (gravel to sand) and particularly
sparse in silt and clay. It typically contains abundant shells and has high bulk
densities (1.7 - 2.0g/cm3)o Sediment from broad, shallow depressions on the banks
is finer grained than that on the main parts of the banks and contains abundant
volcanic ash. Moderate to high porosities (45-76%) and low grain specific gravities
(2.40-2.66) are characteristic, reflecting the abundance of ash. Trough sediment
is also fine grained and ash-rich. Porosities are high (57-73%), and bulk densities
(1.3C-l.74g/cm3)  and grain specific gravities (2.38-2.69) are low.

Burbach defines a fourth sedimentary environment, the “basal trough”, which
includes the areas of the troughs seaward of the sills that occur across their
mouths. The sediment  characteristically has a poorly sorted, polymodal grain-size
distribution, with sizes from boulders to clay. Porosities are low and occur in
a narrow range (37-44%), and bulk densities are high (1.62-2.~ g/cm3). Burbach
concludes that the basal troughs contain a mixture of b~ and trough sediment.

Physical property data are still being collected and analyzed, and is the
major lab effort at this thne. Whole-sedimnt grain-size distributions are being
measured, as are water contents, bulk densities, and grain specific gravities.

IV. Study Area

1. Imer Cook Inlet between Shelikof Strait at latitude 58°40’N and Cape Ninilchik
at latitude

2. Kodiak
at latitude

60°00’N, mainly encompassing

shelf between Amatuli bough
56050’N, mainly encompassing

CC!S lease-sale area CI.

at latitude 59°00’N and to Chirikof Island
OCS lease sale area46.
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v. Sources, Methods, and Rationale of Data Collection

Data were collected during a 20-day cruise in August, 1978. Previous cruises
were during June and July, 1976 and September and October, 1977, all aboard the
R/V SEA SOUNDER. Some additional data came from copies of a 1976 Petty-Ray Geophysical,
Inc. survey made under contract to the U.S. Geological Survey, Conservation Division
in Anchorage. Additional high-resolution seismic records were collected by
R. von Huene aboardR/V S.P. LEE during his 1976 survey off Kodiak.

Seismic and sampling methods have been discussedby Bouna and Hampton (1976)
and Hampton and Bouna (1976). The rationale for collecting data with the instruments
and equipnent described in the above+nentioned U.S. Geological Survey Open-File
Reports is that such procedures are the only ones generally recognized to achieve
the proposed objectives.

VI, VII, VIII Results, Discussion, and Conclusions

It has to & kept in mind that the 1976 Crtise aboard the R/V SEA SOUNDER
was a reconnaissance due to lack of public information related to environmental
geohazards.  The field data were reported by Bouna and Han@on (1976a) and Hampton
and Bouma (1976). The plans for the 1977 field sea~n to study details pertaining
to the g~hazards  could not be sufficiently realized owing to weather and sea state
ccmditions, and as a result the quality of many of the high-resolution seisnic
records was such that adequate interpretation was often irqmssible. None of these
problens faced us during the 1978 field season, and the excellent data are still
being worked. Their quality makes it possible to restudy and reinterpret many
of the 1977 and 1976 observations. Our navigational base is on the Mercator projection
and replotting is required to provide graphical output in U’IM projection.

The high-energy hydraulic environment in lower Cook Inlet has an inpact on
the bottom. Where sufficient unconsolidated sand-size material is available, the
bottcm is characterized by different types and sizes of bedforms, such as sand
waves, sand ridges and dunes. Where such unconsolidated material is scarce or
absent one finds sand ribbons, sand tails, sand patches, snail ripples, boulder
fields, or a bare bottcm (@ma and others, 1976b, 1977a,b,  1978a,b;  Hampton and
others, 1978; Appendices II and 111). The nature of the smooth as well as the
underlying bottom is assumed to be of glacial origin and locally may contain fluvio–
glacial deposits. The subkottom  is variable according to seismic records. Up until
now we have not been able to obtain proper data on this material. As discussed
earlier we observed sand transport during the last hours of each ebb and flood
tidal cycle and then only during spring tide. The GEOPROBE data show reversal
of ripples under ebb and flocd tides, and they show a significant influence on
resuspension and transport during a storm. Sediment transport threshold velocities
have to be bypassed to obtain effective sand movanent due to the inhibitive action
of minor amounts of clay and organic matter. It is concluded that sand transport
is taking place, presumably in significant quantities, during the winter, as based
on comparison of monographs of small bedforms collected in successive years.
Migration of bedforms therefore takes place. However, to move and/or change the
morphology of large bedforms measurably, a very large amount of material has to
be transported. Either the environmental conditions in the period 1973 to 1978
were insufficiently strong to cause migration, or the volume of a large bedform
-requires a longer observation time than four years to produce conclusive evidence.
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We do not have any winter observations. Attempt to deploy a rotating side
scan sonar device off a drilling vessel operating in the sand wave failed due to
lack of industrial. cooperation. Sufficient smnner observations have been carried
out to have an understanding about the sand transport during that period but any
total quantification can only be realized when either long term measurements are
carried out or cam be obtained with the deployment of a relative side scan sonar
and a GEOPROBE over the winter nmnths.

I.mg-term studies during the summer, such as the incorporation of drill cuttings
after 100 days drilling at the C.O.S.T. well site, have already shown that even
during the swmner transport takes place although lack of sufficient cores make
any quantitative statenent impossible.

The Kodiak shelf experiences strong tectonim, which poses environmental problems.
Possible tectonic segmentation of the shelf, into two relatively active and one
relatively inactive segments, has been identified by combining seismological and
geological data. The severity of tectonic hazards, such as seafloor defomtion
and strong shaking, might vary between the segments.

Another recent conclusion about .the Kodiak shelf is that ins-charged shallow
sedtient is widespread. Gas-saturated samples (at atmospheric-pressur~)  have been
recmered from Chiniak, Kiliuda, and Sitkinak Troughs, and acoustic arnnalies frcm
these areas as well as nearby on adjacent banks have been observed. No potentially
hazardous featuies, such as slope instability or low strength, have yet been found
associated with this gas-chargd sediment although such problems have been documented
in other geographic areas.

Other geo-enviromnental  concerns on the Kodiak shelf, reported previously,
include:

1. Shallow

2. Storage
Chiniak, and

faulting with probable

sites for fine-grained
Amatuli Trough.

present-day activity and future seafloor offset.

sediment (and possibly pollutants) in Kiliuda,

.

3. Localized transport routes of sediment (and possibly pollutants) across the
shelf break, especially on northern Albatross Ba~ and in Stevenmn ‘Ikough.

4. High-energy sediment transport, with possible scour and fill problems, in
Stevenson Bough.

5. bcalized deposits of volcanic ash in Kiliuda, Chiniak, and Amatuli ‘lkoughs,
with possible abnormal ccxnpaction during loading.

6. C!oarse-grained unconsolidated and muddy semiconsolidated  sediment on Albatzmss
and Portlock Banks that appear to be stable foundation material but may pose some
problems to drilling because of the presence of boulders.

7. Lack of sediment slides on the shelf except for some apparently localized
occurrences remrted by Self and Mahmood (1977, Marine Geotechnology,  v. 2, p. 333-
347) .
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IX. Needs for Further Study

Lower Cook Inlet: It is anticipated that the fieldwork planned for the sumner
of 1979 will provide sufficient infomtion on geo-environmental hazards in lower
Cook Inlet for ~SEAP purposes. Only two major issues are lacking to provide
adquate quantitative information:

1. We need information about sand transport and bedform migration during the
winter season when storms are more abundant and more severe than during the surmner.
Sea state conditions prevent adequate vessel operations and costs would be prohibitive
if data collection over a long period is attempted. The only successful approach
is the utilization of the rotating side scan sonar tower and one GEOPROBE deployed
off a drilling platform that operates in the sand wave field.

2. To repeat the surveywe conducted over the 1973 industrial lines to measure
possible migration of large bedforms. Such study should be taken either 5-8 years
from now or

Kodiak
our mapping
An adequate

after a pericd of abnormal severe storms.

shelf: The main outstanding work on the Kodiak shelf is to extend
of gas-charged sedfient and to determine the environmental significance.
job would require use of a pressurized coring device and analysis under

hypobaric  conditions. These techniques are presently available but are judged
to be unfeasible.

A good general knowledge of gee-environmental probkns is at hand
for most of the shelf. Completion of the areal coverage is planned in 1979. Signifi-
cant advancement beyond this stage requires long-term site specific or process-
oriented studies, especially for detailed quantitative or predictive infomnation.

x. Sunrnary  of January-March Quarter

No cruises or field projects were conducted during this quarter. This period
was utilized to continue our examinations of seisnic and side scan sonar records,
and studying the bottcm television and camera data. In addition we started to
convert our tracklines and data points from the Mercator projection to U’Ill projection.
We also made a classification system of bedforms and developed a systa to present
sonograph  data on maps.

Measurement of mass physical properties of Kodiak shelf sediment is ongoing
during this period. Also, analysis of seismic records and sediment samples pertaining
to gas-charged sediment and to the sedimentary environment of Sitkinak Trough,
has been accomplished.
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Appendix V. Methane levels in sediment cores. Measurement by gas c@xxnato~aphy,
on board ship, immediately after core recovery. Analyses by. George Redden and
Keith Kvenvolden.

. ,

Stat ion Water ~
Ntm_ber LOcat ion depth, m

329 57039. O’N 218
151057.8 ‘W

343

347

348

349

56040. O’N 153
153°05.5’w

56039.6’N 155
153005.6’W

56036.6’N 138
153°17.8’W

56°37.3’N 143
153018.6’W

5@38.O’N 145
153°19.4’w

Distance below
top of core, cm

o-1o

50-60

100-110

200-210

0-1o ‘“
65-75

110-120

187-197

0-1o

50-60

117-127

200-210

0-1o

50-60

100-110

0-1o

50-60

100-110

200-210

0-1o

50-60

103-110

197-2cYi

300-310

Methane content ‘
x105 nl/1— .

0.301

42.070”

32.093 .

36.250

0.003

0.073

0.112

0.237

0.022

0.640

2.075

31.300

o.0d3

0.105

0.227

0.002

0.148

0.443

2,110

0.001

0.034

0.127

0.288 ‘

0.696
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Station
Nunber

355

356

357

Water
ticat ion depth, m

56008.8’N 314
153029.6’W

Distance below
top of c.dre,” @n

o-1o

,50-60

56005.6’N 250
153031. 3’W

,’ ;203-216.: ..,.  . . . . .
348-358

56007.6’N 233
153038.4 ‘W

358 56047.2’N 122
153011. 6’W

i
359 5@46,6’N 152

153’310.7 ‘ w

56-66

175-185

310-320

0-1o

50-60

129-139

0-1o

48-58

100-110

150-160

0-1o

56-66

Methane content
xlOIG nl/1

0.011
0.002

0.004

0.039

0.439

51.492

29.375

0.005

0.011

0.026

0.003

0.004

0.005

0.008

0.002
0.049
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APPENDIX VI

Mass Physical Properties of
Kodiak Shelf Sediment



A. Table of Values for Statistical Sedimentary Parameters and Geotechnical  Properties
(from Burbach, 1977)

A

Sample !Iedian Mean Skewness Standard Kurtosjs Bulk Water Specific Void Porosity
No. (t) ($) Deviations Density Content Gravity Ratio

($)
(%)

(g/cc) {%)

73(13) -0.24 -0.93 -0.42
74(B) -0.04 ?0.14 -0.14

1.95 0.91 1.91 34.57
1.74 1.26 1.89 36.13
1.18 O.W 1.52 73:26

2.71
2.68

‘2. 38

2.71
2.61
2.’40

2.44
2.67
2.59

2.46
2.49
2.70

2.58
2.41
1.92

2.38
2.70
2.59

0.92
0.94
1.73

47.77
48.48
63.4181(T) -0.50

85(B) -0.25
86(B) 0.74

k. -87(.T) 3.27

-0.36 0.25

-0.46
0.40
3.58

-0.20
-0.21
0.41

1.54
2.05
1.26
.

1.42
0.99
1.06.

.84

.85

.49

40.19
36.29

. 73.71

1.09
0.93
-1.80

52.24
48.13
64.27

-88(TI 0.17
90(~1 0.18
91(-B) 1.46

*m -92(T) .6.40
93(’V 2.39
94(J3) .0.32

0.41
-0.19

1.14

0.40
-0.25
-0.27

0.92
1.97
1.51

2.08
0.85
0.65

● 40
● 73
.75

111.95
49.31
42.67

2.70
1.30
1.12

73.00
56.71
52.81

0.94 1.44
2.12 1.54
0.71 1.91

2.36 70.21
1.82 64.52
0.86 46.48

6,73
2.69

-0.14

0.27
0.57

-O*21

1.65
0.97
2.40

96.18
73.58
31.87

95(T) -2.40 -0.84 0.86
96(T) 6.96 7.67 0.31

97(T) 3.50 4.20 0.55

3.13
2.56
2.60

2.47 1.74
0.62 1.30
1.43 1.39

1.14 53.28
2.43 70.88
2.01 66.83

1.73 63.31
0.66 39,68
1.63 41.98

43.97
84.23

117.91

98(T) 7.00 7.37 0.24 2.00 0.82 1.52
1.02 2.03
.0.91 1.62

72.81
24.55
63.72

J13(BT) 0.83 -0.06 0.39
114(13’0 -2.00 -0.10, 0.71

3.00
3.73

-- B= bank
T = trough

BT= basal trough
BD = bank depression

Burbach, S. P., 1977, Depositional  environments of the Kodiak shelf. Alaska:
Master of’Science fiesisp  Texas A & M University, 92 p.
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Sample Median Mean Skewness Standard Kurtosis Bulk Water Specific Void
(+) (0)

Per;:; ty
No. Deviations

. Gravity Ratio LU

($) 7;;:3 Co?%nt

115(Im) 2.76 2.54
127(E?r) 0.37 -0.39
128(BD) 3.81 3.11

130(m) 3.80 3.80
131 (Em 1.17 0.73
132(~) 3.99 4.91

134(~) 0.80 0.43
135 (.~) 3.30 3.57
136C~~ 7.10 7.26

137(B) 1.28 0.008
140(B) -0.87 -1.83
141 (.B) 1.57 0.85

-0.24
-0.35
-0.20

0.35
-0.16
0.24

0.12
0.39
0.13

-0.54
-0.39
-0.39

1 . 0 2 1.72
3*47 1,05
3.61 1.24

1.38 2.39
2.71 1.03
4.32 1.31

4.18. 1.21
1.26 1,17
1071 0.88

2.95 1.22
3.90 0.89
2.61 0.95

1.66 51.46
2:05 23.43
1.69 53.51

2.08 21.91
1.95 30.45
1.73 50.11

1.78 45,86
1.92 30.85
1.34 136.24

1.97 26.88
1.91 32.39
1.72 48.92

2.40 1.30
2.70 0.62
2.61 1.38

2.69 0.58
2.70 0.81
2.69 1.34

2.71 1.23
2.66 0.82
2.40 3.27

2.62 0.69
2.69 0.86
2.61 1.26

56.42
38.44
58.07

36.74
44.70
57.23

55.13
45.00
76.60

40.97
46.26
55.83
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B. Vane shear measumm?nts, S8-78-WG  Kodiak Shelf

Stat ion
Number

329

3 ’ 4 3

347

348

Water Distance below Undrained strength
Location depth,” (m) ““top of cdre (cm) (jig/allq

57039. O’N 218 18
151°57.8’W 30. . .

40

71

77

84

92

123

136

155

165

184

56%4.8’N 119 29
153008.4 ‘W

0.167

0.046

0.102

0.065

0,093

0.130

0.102

0.111

0,093

0.148

0.093

0.167

0.125

56036.6’N 138 30 0.065
153°17.8’W 75 0.120

91

X24

153

56037.3’N 14’3 ’35
153°18.6’W ,., 75

120

170

220

50

0.150

0.145

0.220

“0.045

0.100

0.150

0.215

0.250
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Station
Niunber Ima.t ion

349 5@38. O’N
153°19.4’w

350 56°46.4’N
15W1O.4’W

351 56046.7+N
153°10.8’W

355 56008.8’N
153029.6’W

357 56%7.6’N
153°28.4’W

Water
depth (m)

145

154

125

314 .

233 ‘

Distance below Undrained strength
top ofcme (an) @g/an2)

38

82

124

172

176

238

275

“- 347

55

85

55

100

200

. .
35

lW,

200

250

., 340
.’.

30

90

120

0.007
0.030

0,100

0.115

0.140

0.120

0.220

‘0.200

0.200

0.035

0.260

0.280

0.320

0.380

0 . 0 7 0

0 . 0 3 5

0.040
0.080 ~

0.105

0.040. ,
0.070

0.090
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c. Grain size distributions of the epiclastic  component of sediment sanples from the
Kodiak shelf.

0.062-0.004 inn(%)
Station
Ntier

201

>2 r-ml(%) 2-0.062 m(%) <0.004 m-n(%)

0.873.9

0.5

52.1

0.0

0.0

20.3

0.0

0.0

0.0

0.0

0.0

1.1

28.0

0.0

31.9

25.3

65.7

41.4

71.7

7.3

0.0

58.3

65.7

2 . 6

14.7

68.1

66.3

53.3

10.6

.,

52

202 13.5

215 6.5

28.3216

1 . 3217 91.4

100,0
,..

0.0219 ‘

2 2 7 0.0

32..6

0.0

85.3

0.0

19”.8

14.9

89.3

41.7

0.6232

69.4

0 . 0

233

234

0.02 4 2

13.9244 0.0

11..9

0.1

245 19.9

0.0246
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Faulting, Sediment Instability, Erosion, and Deposition Hazards of the
Norton Basin Sea Floor - Annual Report 1979

Hans Nelson, Devin R. Thor, and Matthew C. Larsen

1. SUMMARY

Studies of potential geologic hazards on Norton Basin sea floor in
northern Bering Sea were conducted by the U.S. Geological Survey (USGS) to
evaluate oil and gas lease tracts preparatory for Outer Continental Shelf
(OCS) leasing. The data base for this evaluation included 9000 km of high-
resolution geophysical tracklines, (Nelson, Hans, Holmes, M.L., Thor, D,R.,
and Johnson, J.L., 1978; Thor, D.R,, and Nelson, Hans, 1978; Larsen, M.C.,
Nelson, Hans, and Thor, D.R., 1979) 1000 grab samples, 400 box cores, and
60 vibracores; in addition, hundreds of camera, hydrographic, and current meter
stations have been occupied during the past decade by USGS, National Oceanic
and Atmospheric Administration (NOAA), and University of Washington oceano-
graphic vessels. Figure lllshows the northern Bering Sea, and summarizes the
types and distribution of potential geologic hazards. Figure A2shows a summary
of cruise tracklines run for environmental research by the USGS in northern
Bering Sea.

The northern Be~$ng Sea is a broad, shallow epicontinental  shelf region
covering 200,000 km of subarctic sea floor between northern Alaska and the
U.S.S.R. The shelf can be divided into four general morphologic areas:
(1) the western part, an area of undulating, hummocky relief with glacial gravel
and transgressive-marine sand substrate (Nelson, Hans, and Hopkins, D.M.,
1972);(2)  the southeastern part, a relatively flat, featureless plain with
with fine-grained, transgressive-marine sand substrate (McManus, D.A., Kolla,
v Hopkins, D.M., and Nelson, Hans, 1977); (3) the northeastern part, a complex
s~~tem of sand ridges and shoals with fine- to medium-grained sand substrate
(Nelson, Hans, Field, M.E., Cacchione, D.A., and Drake, D.E., 1978); and
(4) the eastern part, a broad, flat marine reentrant (Norton Sound) with Holocene
silt and intercalated very-fine-

?
rained storm-sand substrate underlain by

qas-rich, peaty Pleistocene mud Nelson, I-ians,  and Creager, J.S., 1977).
A detailed discussion of bathymetry and geomorphology  of northern Bering Sea
is given by Hopkins and others (Hopkins, D.M., Nelson, Hans, Perry, R,B., and
Alpha, T.R., 1976). Bathymetry of the study area is shown in figure A-3..-

The northern Bering sea is affected by a number of dynamic factors: winter
sea ice, high winds, storm waves and strong currents (geostrophic,  tidal, and
storm). The sea is covered by pack ice for about half the year, from November
through May. A narrow zone of shorefast ice (sea ice attached to the shore)
develops around the margin of the sea during winter months; around the front of
the Yukon River Delta shorefast ice extends 50 km offshore (Thor, D.R., Nelson,
Hans, and Williams, R.O., 1978). During the open-water season, the,sea is
subject to occasional strong northerly winds, and in the fall strong south-
southwesterly winds cause high waves and storm surges along the entire west
Alaskan coast (Fathauer,T.F. , 1974). Throughout the year a continual northward
flow of water is present with currents intensifying on the east side of strait
areas (Coachman, L.K., Aagaard, K., and Tripp, R.B., 1976). Although diurnal
tides are very minor (less than 0.5 m), intense tidal currents are found in
shoreline areas and within central Norton Sound (Fleming, R.H., and Heggarty, D.,
1966; Cacchione, D.A., and Drake, D.E., 1978).
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Potential geologic hazards discussed in our report include faulting,-
thermogenic  gas seepage, biogenic gas-charged sediment and cratering, sediment
liquefaction, ice gouging, current scouring, storm sand migration, and mobile
bedform dynamics. These geologic hazards may pose problems for the future
development of offshore resources in Norton Basin.

GEOLOGIC HAZARDS OF NORTON BASIN

Tectonism- Surface and nearsurface faults are prominent. along the entire
north margin of Norton Basin, but Holocene fault activity is difficult to de-
termine because strong current scour may be preserving or exhuming old scarps
(Johnson, J.L., and Holmes, M,L., 1978). Seismicity (N.N. Biswas, oral commun.)
and active migration of gas along some faults suggest that recent movement has
occurred on fault segments in the gas seepage area of northern Norton Sound.
Surface and nearsurface faults are rare in west-central Norton Basin but become
more common along the southwest margin, particularly in strait areas northeast
and north of St. Lawrence Island. Determination of the magnitude and the
periodicity  of recent fault activity depends mainly on completion of studies of
seismicity;  Norton Basin, hosever, is seismically more active than previously
thought (Biswas, N,N., Gedney, L,, and Huang, P., 1977), Fault traces and sea-
floor scarp relief in Norton Basin are shown in figure A-4.

Sediment Instability- Gas-charged sediment and sediment susceptible to lique-
faction create potentially unstable surficial-sediment conditions in Norton
Sound. There are two types of gas-charged ’sediment: (1) thermogenic, occurring
in a local area 40 km south of Nume, Alaska and (2) biogenic, occurring in a
wide. area of north-central Norton Sound. The surficial, Holocene, coarse-
grained silt and very fine-grained sand sediment that cover Norton Sound are
susceptible to liquefaction due to cyclic-wave loading (CLukey,  E.C., Cacchione,
D.A., and Nelson, Hans, 1979).

Geophysical, geotechnical, and geochemical evidence indicate that hydrocarbon
gases of deep subsurface thermogenic  origin migrate into the nearsurface sediment
along fault zones 30-40 km south of Nome (Nelson, Hans, Kvenvolden, K.A., and
Clukey, E.C., 1978). Subbottom reflector terminations and the absence of coherent
reflections (or “acoustic turbidity”) on 120-kJ profiles indicate a large zone
of anomalous acoustic response, about 9 km in diameter and 100 m below the
sediment surface, probably is caused by an accumulation of gas, Acoustic anoma-
lies in nearsurface sediment, seen on high-resoltuion seismic profiles,”occur
in the area of large subsurface gas accumulation as upward extensions of
“chimneys” of this accumulation. Vibracorer  samples (6 m long) of nearsurface
sediment that display acoustic anomalies showed signs of gas saturation; such
as expansion pockets and cracks, disrupted bedding, gas-streaming features,
and gas-cavity honeycomb structures (Kvenvolden, K.A., Nelson, Hans, Thor, D.R.,
Redden, G.D,, and Rapp, J,B., 1979), The presence of gas in the vibracorer
samples lndlcate.  that bubble-phase gas in the sediment is the cause of near-
surface acoustic anomalies and therefore also of the deep subsurface acoustic
anomaly. Penetration of the vibacorer into sediment at sites with acoustic
anomalies in nearsurface  sediment was three times more rapid than at sites
without acoustic anomalies ((Nelson, Hans, Kvenvolden, K.S., and Clukey, E.C.,
1978) . High-resolution seismic profiles also show linear and V-shape patterns
in the water column over the area of acoustic anomalies, features indicating
that bubbles are rising through the water, Gas-bubble trains emanating from the
sea floor are observed on underwater television and confirm the active seepage
of gas. ,.
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Sediment from vibracores taken at the seep site contained gas cavities,
expansion voids, a dominance of carbon dioxide gas, unusually high concentrations
of hydrocarbon gases heavier than methane, and significant quantities of
gasoline range hydrocarbons (Nelson, Hans, Kvenvolden, K.A., and Clukey,  E.C.,
1978; Kvenvolden,  K.A., Nelson, Hans, Thor, D.R,, Redden, G.D., and Rapp,
J.B., 1979). The composition of the gas in nearsurface sediment above a
thick underlying sediment section with acoustic anomalies suggests both a
potential petroleum source at depth and a possible hazard for any future
drilling activity in this area. Any artificial structures penetrating the
large gas accumulation at 100 m or intersecting associated faults that cut
the gas-charged sediment may provide direct avenues for uncontrolled gas migration
to the sea floor. Gas-charged substrate also displays a lower shear strength
than gas-free sediment (Clukey,  E.C., Nelson, Hans, and Newby, J.E.,1978).
Figure A%hows the location of thermogenic gas-charged sediment and seep site.

Small (3-8 m diameter), shallow (<0.5 m deep), circular craters observed
on monographs over a large area of north-central Norton Sound appear to be
caused by present-day gas venting (Nelson, Hans, Thor, D.R., and Sandstrom,
M.W., 1978). The craters are associated with nearsurface peat layers, gas-
rich sediment, and acoustic anomalies in high-resolution seismic reflection
profiles. Nearsurface peaty-mud layers from 1 to 2 m below the sea floor and
several meters thick have been vibracored throughout northern Bering Sea.
The peaty mud is a nonmarine pre-Holocene deposit with abnormal amounts of
organic carbon (3-7 percent) and biogenic methane generated from buried organic
debris (Nelson, Hans, Kvenvolden, K.A., and Clukey, E.C., 1978; Kvenvolden, K.A.,
Nelson, Hans, Thor, D.R., Redden, G.D., and Rapp, J.B., 1979). This gas-charged
nearsurface sediment causes sporadic acoustic anomalies by attenuation of sound
waves in the low-density peaty mud and gas-charged sediment. Both acoustic
anomalies and gas craters occur only where freshwater mud is now covered by a
relatively thin (l-2 m) layer of Holocene mud, Where Holocene mud is thicker
near the Yukon Delta or grades into sand in Chirikov Basin, craters are absent.
Areal extent of the gas-crater field and isopachs of Ho16cene mua al-e shown
in figure A-5.

During non-storm conditions, the nearsurface gas may be trapped by a 102-m-
thick layer of impermeable Holocene mud. Apparently the gas escapes and forms
craters during periodic storms that cause rapid changes in pore-water pressures
and sediment liquefaction because of sea-level setup, seiches,  storm waves,
and unloading of covering mud. Gas venting and sediment craters or depressions,
apparently formed dJring peak storm periods, may be a potential hazard to
offshore facilities because of rapid sediment collapse. The upper several
meters of sediment also has reduced shear strength because of the gas and
organic content (Clukey, E.C., Nelson, Hans, and Newby, J.E., 1978).

The fine-grai~ed  sand and coarse-grained silt which form the substrate
of Norton Sound are highly susceptible to liquefaction by wave-induced or
seismically-induced cyclic loading (Clukey, E.C., Cacchione, D.A., and Nelson,
Hans, 1979). Normal yearly storm waves propagating through the full fetch of
Bering Sea intersect the shallow Yukon prodelta area and seem to be capable
of inducing sufficient loading to liquefy Norton Sound sediment to a depth of
1-2 m. Liquefaction of sediment to this depth may contribute to the formation
of gas craters and surficial slumps, and enhance erosion in prodelta sediment.
The interaction of these processes needs to be taken into account when offshore
facilities are designed, because unusual stresses may be encountered if the top
few meters of the substrate were to liquefy during a major storm, like the
unusual November, 1974 surge (Fathauer, T.F., 1975).
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Erosion and Deposition Hazards- Ice scour in bottom sed
throughout northeastern Berinci Sea bevond the shorefast

ment is found everywhere
ice zone where water

depth; are less than 20 m, bu~ has al~o been noted occasionally in water depths
of 30 m (Thor, D.R., Nelson, Hans, and Williams, R.O., 1978). Ice-gouge furrows
cut into bottom sediment a maximum of 1 m and occur most commonly and ubiqui-
tously as single gouges. Pressure-ridge “raking” (numerous parallel gouge
furrows) is most common around the shoals of the Yukon Delta because a well-
developed ice shear zone is there. Most of Norton Sound is affected to some
degree by ice gouging, as are the margins and sand-ridge shoal areas of Chirikov
Basin. Gouge distribution and density and shorefast ice limits are shown in
figure A-6.

Much gouging in Norton Sound is probably caused by pressure ridges formed
along shear zones as pack ice moves west past stationary shorefast ice (Dupr&,
W.R., 1978). The combination of pronounced Yukon prodelta shoals with ice
convergence offshore from the delta area accounts for the high density of
gouging in this area. Because ice gouging is a pervasive scouring agent, design
of offshore facilities should take into account the intensity and depths of
potential gouge penetrations.

Large-scale bottom scour is associated with strong bottom currents and some
areas of densely-spaced ice gouges. Large (25-150 m diameter), irregular,
shallow (as deep as 1 m) depressions in Yukon-derived silty, sandy mud occur
along the southwest margin of the Yukon prodelta area and on the flanks of an
extensive shallow trough in north-central Norton Sound (Larsen, M.C., Nelson,
Hans, and Thor, D.R., 1978). These depressions are usually associated with
increased bottom steepness and areas of higher bottom-current speeds. Some
northern depressions are found near sea-floor scarps of unknown origin;
depressions west-of the prodelta  front expand progressively outward from ice
gouge furrows. Apparently, in regions where current speed is increased
because of constriction of water flow along the flanks of troughs, shoals, or
prodelta fronts, any further local topographic disruption of current flow by
slump scarps or ice-gouge furrows initiates scour of the Yukon River-derived
sediment to form large shallow depressions.

Scour depression distribution, shown in figureA-7,i ndicates areas where
artificial structures “that”disrupt current flow may cause extensive erosion of
Yukon-derived silt or very fine-g”rained  sand and create potentially hazardous
undercutting of the structures. Even buried structures may be subject to scour
because strong currents may greatly broaden and deepen naturally occurring ice
gouges and thus expose the buried structures. Full assessment of this geologic
hazard requires long-term current monitoring in specific localities of scour to
predict current intensity and periodicity, especially during major storms,
when combined storm-tide and wave currents may be several times greater than
normal . Current monitoring over several months has shown speeds as high as
30 cm per second during fair weather and as high as 70 cm per second during
typical stormy seather (Cacchione, D.A., and Drake, D.E., 1978).

Strong currents caused by storm waves and” sea-level setup transport large
amounts of sand onto the Yukon prodelta. Fine-grained  sand, apparently ori-
ginating from sand bars off the Yukon River Delta, is deposited as well-sorted
clean sand as far as 75 km from the delta shoreline. Sand-beds range from 5 to
20 cm thick within 30 km of the shoreline and vary from 1 to 5 cm thick 30 to
75 km from the shoreline. The widespread distribution of these storm-sand
layers (fig. 7) shows that significant quantities of sand are transported
across the Yukon prodelta during storms; sand movement may be a potential hazard
to underwater facilities that would act as a barrier to inhibit sediment
movement.
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In sandy substrate, especially in constricted passages such as strait
areas, strong bottom currents create migrating fields of mobile bedforms. Sand
waves 1 to 2 m high with wavelengths of 10 to 20 or 150 to 200 m, and ripples
4 cm high with wavelengths of 20 cm, occupy the crests and some flanks of a
series of large (2-5 km wide and as much as 20 km long) linear sand ridges
lying west of the Port Clarence area (Field, M.E., Nelson, Hans, Cacchione,
D.A., and Drake, D.E., 1977; Nelson, Hans, Cacchione, D.A., and Field, M.E.,
1977; Cacchione,  D.A., Drake, D.E., and Nelson, Hans, 1977). Ice gouges are
found in varying states of preservation on several ridges. Active sandwave
modification and recent bedform movement is indicated because ice gouges are
annually recurring features. Survey tracklines of the 1976 cruise were repli-
cated in 1977, and local changes in bedform type and trend further substantiate
recent bedform activity, Bedload transport and small-scale sand waves move
during calm weather; maximum change of large-scale sand waves, however, may
take place only when northerly current flow is enhanced by sea level setup
from major south-southwesterly storms. Strong northerly winds from the
arctic reduce the strength of continuous northerly currents and thereby reduce
bedload transport and the activity of mobile bedforms near Bering Strait. Dis-
tribution of bedform fields throughout Norton Basin is shown in figure A-3;
details of the Port Clarence sand-wave field dynamics, which are given by
Nelson and others (Nelson, Hans, Field, M.E., Cacchione, D.A., and Drake,
D.E., 1978), are pertinent to any future development of this single large
natural harbor area north of the Aleutians.
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11. INTRODUCTION

,,

A. General Nature and Scope of Study

This research addresses geological hazards that may result from surface
and near-surface faulting, sediment instability, and erosion “and deposition
processes in the Norton Basin region (Fig. A2). Geological baseline
parameters and process information also are generated that provide valuable
ancillary information for other interdisciplinary “studies. For example, data
on sediment texture is presented that is crucial to understanding sedime’nt
dynamics questions encountered in RU 430 or benthic organism distribution.
Opportunities to collect baseline information on trace metals”, and light and
heavy hydrocarbon fractions in surface and subsurface hydrocarbons also have
been provided. These data are important inputs for RU 413 and for NOAA
studies of light hydrocarbon gas seeps.

‘ B. Specific ~jectives

To meet our objective of defir,ing recently active faults we ar~
reviewing all old sparker and airgun records to trace fault “origins. The: . are
then compared with new reconnaissance data on surface and near-surface
faulting observed in high-resolution records. Our goal for sediment stability
problems is to characterize soils engineering index properties of the sediment
and compare this with other near-surface sediment parameters of gas content,
seismic acoustic anomalies, mass, movement evidence, and storm sand and peat
stratigraphy  to determine areas i?here sediment failure is possible. By
studying bedforms on side-scan sonar records, thickness of Holocene sediment
on high-resolution seismic records, and stratigraphy of storm sand layers, we
hope to determine regions ’where currents and waves cause excessive disruption
of the sea bed. Detailed analysis of’ the side-scan sonar records also permits
assessment of regions of intense ice gouging and bottom current scour.

c. Relevance to problems of petroleum development

In this extremely shallow epicontinental shelf area similar to the North
Sea (Fig. A3), the stability and maintenance of drilling rigs, production
platforms, pipelines, and shoreline based facilities in the Norton Basin area
are all threatened by potential hazards of active faulting, thermogenic gas
charged sediments, thixotropic -sediment, ice gouging, and sediment scour
caused by current and wave erosion. Potential problems of biogenic gas
venting and sediment collapse during storm wave interaction with the bottom
must be understood prior to construction and installation of sea-floor
structures for petroleum development.
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III and IV. CURRENT STATE OF ~OWLEDGE IN THE STUDY AREA

A significant nunber of sediment studies and some deep-penetration
seismic profiling had been accomplished in the Norton Basin region prior to
the advent of OCS studies in the summer of 19761. Reconnaissance studies
with high-resolution geophysical systems and sampling for cruise s5-76-Bs
Cruise S5-77-BS concentrated on the western portion of Norton Sound, and on
Chirikov Basin, again employing high-resolution geophysical systems, and sediment
samplings.

The cruise being addressed in this report, S9-78-BS,  was deyoted to topical
studies at several selected sites in Norton Sound and Chirikov Basin (Fig. A-I)..
The S9-78-BS cruise consisted of three weeks of field work in September 1978, ani!
covered 2500 km of geophysical tracklines. Data were collected using 3.5 kHz,
i2 kHz, 200 and 7 kHz, Unikoom, side-scan sonar, and 160 kJ single-channel
sparker (Fig. A-8). Twenty nine stations were occupied, where 30 vibracores
and 2 Van-Veen grab samples were collected (Fig. A-8).

v. SOURCES, METHODS, AND RATIONALE OF BATA COLLECTION

The nature of previous work in this large geographical area dictated the
rationale for the study methods. Regional broad reconnaissance of the northern
Bering Sea was accomplished in 1976 and 1977 cruises. For this reason the 1978
cruise concentrated on topical studies which evolved from this reconnaissance work.
High-resoltuion geophysics, side-scan sonar, and new sediment vibracoring (6-m cores)
techniques were employed. The topical studies included the sand wave fields west
of Port Clarence, the thermogenic gas seep south of Nome, the biogenic gas craters
in central and eastern Norton Sound and the scour depression areas west and
northwest of the Yukon delta.

Specific methods for each facet of the study are outlined in detail in
the results section. The research results are subdivided into four topics, each
of which comprises a separate sub-report with different authors.

1
See summary bibliography in Nelson et al., 1974; Oceanography of the Bering
Sea, Occasional Publication No. 2, edited by Hood, D.W. and Kelly, E.3.,
Institute of Marine Science, Univ. of Alaska, Fairbanks, AK, p. 485-516.
(note insert paper b)
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Figure A-1. Summary of potentially hazardous areas of northern Bering Sea.



\ \ \ \ / \ \ \ \ / \ \ \
170”W

\
166”W 162”W

USGS/UW  1967,1969 150 j Sparker
I!MIIY= USGS 1967 450 j Sparker

USGS/NOAA 1969 40 cu. in. Air gun

\

----- USGS 19703.5 kHz Subbottom profiler
— USGS 1976 60 kj Arcer,

)
Uniboom, and 3.5 kHz

–H -- USGS July 1977 160 kj Arcer, Side scan sonar,
~~~~~~ ~~ USGS Ott 1977 80 cu. in. Air gun, 800 j Sparker,

Figure A-2. Coverage of geophysical surveys in northern Bering Sea.



68

U-40ii.:



Yo

&/174”

34” U

Surface and Near-Surface Faults
Deep Faults
Scarp, height in meters on

upthrown side
Inferred extension

a

\ \ \ \ \
170”W 166”W 160”

72° —
—
&

———.

Qo =

56aN/

- -%..
-’+’... -.

‘%::’+. ‘--’%.... . .
=-%.. - ~:a.,. -...

‘--% *’
---”-’% -----

I ‘‘ -%. -~’.
*. /

:--. Yukon Delta-. -!!
‘“’ “ ;’ 162<

/
//K F,

kilometers/
/St. Lawfance  Island /

/
/

174”W
\

168”W / 166°
\

Figure A-4. Faults in Norton Bash



=&-

—
., 

., 
.,?*

*..., ,
.

 .
,
.
:

,,,,
 . . .

u-l
.+

.



65

6A

:

6

BER//VG SEA 100 km

1 I
168 166 164 162

170

Figure A-6. Distribution and density of ice 90u9in9t
movement directions of

pack ice, and limits of shorefast ice in northern Bering Sea,



f
k
v

;Qti

u
l

v
.,

CD
,
“

w
.
.

a

72

“



4-

6:

J’ 6,

6:

170 168 166 164 162

Fig. A-8. High resolution seismic profile tracklines and sampling stations

from S9-1978 cruise.



VI.

B.

RESULTS

DISTRIBUTION OF GAS-CHARGED SEDIMENT IN NORTON SOUND
AND CHIRIKOV BASIN

Mark L. Holmes

Discovery of the submarine seepage of natural gas south of Nome,

Alaska, in 1976 (Cline and Holmes, 1977) prompted a comprehensive review

of seismic reflection data from

of anomalous acoustic responses

Holmes, 1977; Holmes and Cline,

encountered by Grim and McManus

the Norton basin area. The same types

associated with the seep zone (Cline and

1978; Nelson et al., 1978) were first

(1970) in the course of a high-resolution

seismic study of the northern Bering Sea in 1967. They interpreted the

zones of acoustically impenetrable reflectors on their sparker records as

representing a Yukon River deposit very near the surface of the present-

day sea floor. The highly reflective nature of this surficial deposit

was thought to cause the sudden termination of deeper reflectors observed

along portions of the seismic track. Air gun reflection records collected

in Chirikov basin during a cruise by NOAA (then ESSA) in 1968 (Walton et

al., 1969) also crossed a few of these reflector termination’ anomalies,

and revealed that these zones were more widespread than Grim and McManus

(1970) had suspected.

Cline and Holmes (1977) first suggested’ that these acoustic responses .

were caused by the presence of bubble phase gas in the near-surface sedi-

ment; Holmes and Cline (1978), and Nelson et al. (1978) presented detailed

analyses of the deep penetration and high resolution seismic reflection

records collected over the seep zone on two USGS cruises in 1977. An

additional 3500 km of single- and multi-channel airgun records were

obtained by the USGS in August 1978, from both Norton Sound and Chirikov

basin. This comprehensive geophysical study further emphasized the wide- -

spread occurrence of the acoustic anomalies.
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Figure 1 shows the distribution of these acoustically anomalous zones

along more than 20,000 ~ of seismic reflection lines ‘in Norton basin.,.

Two distinct types of acoustic anomalies are observed on the seismic

reflection records: Reflector pull-downs and reflector terminations

(Holmes and Cline, 1978). Both types could, be caused by the presence’ of

gas in the near-surface (upper 150 m) sediment. Reflector pull-downs

similar to those shown in Figure 2 have been observed and described by

several other investigators from both deep and “shallow water areas (Lindsey

and Craft, 1973; Cooper, 1978). The low compressional velocity in gas- ~

charged subsurface horizons causes the recorded time section (seismic

record) to be distorted relative to the true depth section. The greater

travel time through the gassy sediment produces a zone of pulled down

reflectors beneath it on the seismic record. The gas does not necessarily

have to be in the free state (bubble phase) to produce this phenomena;

gas-water or oil-water solutions have compressional  velocities less than

water alone (Craft, 1973), although the decrease is much greater if gas

is present in the sediment interstices. The strong horizontal reflector

exhibiting a 180° phase shift which is associated with the observed pull-

downs (Figure 2) could be t,he result of reflections from interfaces between

gas-charged zones and strata where water alone fills the pore spaces. The

decrease in both compressional  velocity and density due to the presence of

gas in the sediment results in a large negative reflection coefficient at

the top of the gas–charged layer (Craft, 1973; Savit, 1974). Such a condi-
,.

tion would produce acoustic .responses similar to the strong horizontal

reflectors above the reflector pull-downs (Figure 2).

The extensive reflector termination anomalies, observed throughout

Norton basin (Figure 1) are probably also caused by a subsurface accumu-

lation of gas in sufficient quanti<y that attenuation and scattering of
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the seismic si’gnal, even from large sources, is virtually complete.. Cross-

ings of the acoustic anomaly associated with the gas seep south of Nome

are shown in Figures 2 and 3. The anomaly covers an area of about 50 km2;

it is characterized by a sudden termination of subbottom  reflectors, and

by a dramatic pull-down of the reflectors at its margins (Fig. 3). The

depth to the top of the featl]re

appears to be quite shallow, on

face of the acoustically opaque

causing the anomalous acoustic signature

the order of 50-200 m. In places the sur-

zone rises abruptly to within a few meters

of the sea floor (Nelson et al., 1978). These zones may indicate the

locations of the active seeps.

Calculations by Cline and Holmes (1977, 1978) indicated that the con-

centrations of the low molecular

in the sediment beneath the seep

weight hydrocarbons which had accumulated

zone were far below theoretical saturation

values. This finding was in conflict with the seismic reflection data,

which strongly suggested the presence of bubble phase gas in the sediment.

The paradox was resolved by the recent discovery that the seep consists

primarily of C02 rather than hydrocarbons, and that C02 is present in the

free state in the sediment interstices (Kvenvolden et al., in press).

An acoustic feature identical to the reflector termination anomaly

over the Norton basin gas seep (but smaller in areal extent) was recorded

over the Attaka oil field off southeastern Kalimantan using a multi-channel

seismic reflection system (Schwartz et al., 1974). Here the acoustic

anomaly is caused by a gas cap approximately 450 m thick covering an area

of 20 km2. Laterally continuous velocity analyses of the seismic data

suggested a compressional  velocity of about 750 m/see in the gas sands,

and this was confirmed by subsequent velocity surveys in wells drilled on

the structure (Schwartz et al., 1974).
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Examples of other reflector termination anomalies observed in Norton

basin (Figures 4 and 5) are quite different from the one associated with

the gas seep. They exhibit only slight reflector pull-downs at their

margins, and lack the dramatic “wipe-out” appearance of the seep anomaly.

The same mechanism, however, gas in the near–surface sediment, provides

the most plausible explanation for their occurrence. Indirect evidence

indicating abnormally low compressional  velocities in these shallow zones

is provided by the multi-channel seismic reflection data collected by the

USGS in August 1978. An oscillographic camera is used to monitor the

signal from the hydrophore streamer every 50 shots. A “normal” shot record

is shown in Fig. 6. This is not a “gather” in the true sense of the word,

but merely a recording of the output from each of the 24 streamer channels

for one shot from the 1326 cubic inch (21.7L) air gun array. Refracted

arrivals (head waves),

visible.

In sharp contrast

the water wave, and reflected

is a shot record over the gas

arrivals are clearly

seep reflector termina-

tion zone (Fig. 7). Virtually no reflected energy is returned to the

streamer over the gas-charged zone. A shot record over a more typical

Norton basin reflector termination zone”is shown in Fig. 8. Severe atten-

uation of the reflected arrivals is still apparent, though not to the same

spectacular degree as over the gas seep area. Even more surprising is the

degree to which the direct water wave is attenuated; in fact it is almost

totally absent over the seep zone (Fig. 7).

These phenomena can easily be explained by invoking

surface gas-charged sediment. Not only will attenuation

the model of near-

of the reflected

arrivals be pronounced (Mavko and Nur, 1979), as in the case of Figs. 7

and 8, but the combination of a long (2,800 m) streamer and shallow (20 m)
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water produce another interesting effect. In such shallow

arrival consists of a complicated train of events, most of

rays which have been reflected at least once at wide angle

water the direct

which involve

from the sea

floor. Normally this would have little noticeable effect on the apparent

amplitude of the water wave, but when gas is present in sufficient quantity

to lower the compressional  velocity of the near surface sediment below

that of the water, then quite a different result is observed. Any ray

impinging on the sea floor is refracted downward instead of reflected

upward, and so energy is progressively lost as the water wave is trans-

mitted to and along the streamer.

This drastic reduction in apparent amplitude of both the reflected

and direct arrivals was observed over virtually all of the reflector

termination anomalies crossed in the course of the 1978 survey. It is

indicative of a significant reduction in compressional  velocity in the

near-surface strata; the most likely explanation is the presence of free

(bubble-phase) gas in the sediment.

The distribution of acoustic anomalies (Figure 1) suggests that near-

surface accumulations of gas are most common in the central part of

Norton basin northwest of the Yukon River delta. The apparent gas-free

zones along the southern and eastern shores of Norton Sound are due to

the absence of data from these very shallow water areas. Such is not

the case

is good;

The

gas seep

for western Norton basin, however. Seismic reflection coverage

there are simply

possible sources

south of Nome is

few occurrences of acoustic anomalies.

of the gas are still being investigated. The

the only well-substantiated source of hydro-

carbon gases indicative of a deep petroleum source (Cline and Holmes, 1978;

Nelson et al., 1978; Kvenvolden, 1979, personal communication). The location
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of many of the other reflector termination zones, especially in Norton

Sound, coincides with known occurrences of buried tundra-derived peat

deposits which were formed during low sea-level stands in the Quaternary

(Nelson and Creager, 1977). Biogenic methane and carbon dioxide generated

in these peat beds could cause the observed anomalous acoustic responses;

the peat layers themselves could also act to trap upward migrating

petroleum–derived gases. The absence of acoustic anomalies (gas-charged

sediment) in western Norton basin (Chirikov basin) is probably due to the

different types of Quaternary deposits, Chirikov basin was extensively
. .

glaciated during the Pleistocene (Grim and McManus, 1970); the boundary

bet,w~.en the glaciated and unglaciated terrain corresponds closely with

the”western  limit of acoustic anomalies in Fig. 1. The Quaternary glacial

and glacio-marine sediments deposited

potential for biogenic gas generation

in Chirikov  basin do not have a high

because advance’and retreat of the

ice sheets evidently destroyed or prevented the growth of tundra–derived

peats common to Norton Sound. Also, the relatively thin Tertiary sedi–

mentary section beneath Chirikov basin has not attained sufficient thick- .,

ness to subject the basal sediments to the temperatures and pressures

requtred for the generation of hydrocarbon gases.

The distribution of acoustic anomalies (Figure 1) suggests that almost

7000 km2 of seafloor in Norton Sound and Chirikov basin is underlain by

sediments containing sufficient gas (biogenic and/or thermogenic)  to affect

sound transmission through these zones. Further detailed processing and

analysis of the. seismic data will possibly permit quantitative estimates

to be made of the amounts of gas present in these acoustically anomalous

zones.
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FIGURE B-2 Seismic reflection record across the Norton basin gas seep
zone. Location of line shown in Figure 1. This record shows
two types of acoustic anomalies indicative of gas in the sedi-
ment: ‘Reflector terminations and reflector pull-downs.
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FIGURE “B-3 Single channel reflection record across the Norton basin gas
seep area. Location of line shown in Figure 1. Reflector
termination zone and marginal pull-downs are clearly shown.
The 0254 multi-channel shot record is shown in Figure 7.
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FIGURE B-4 Single channel seismic reflection record from eastern Norton
basin showing “normal reflector zones and typical reflector
termination anomalies. Location of line is shown in Figure
The 0404 multi-channel shot record is shown in Figure 6.
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FIGURE B-5 Single channel seismic reflection record from southern Norton
basin showing ‘!,normal?’ ,reflector  zones and a typical reflector
termination anomaly.’ Location of “line is shown in Figure 1.
The 1744 multi-channel shot record is shown in Figure 8.
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FIGURE B-7 Multi-channel shot record over the gas seep reflector termina-
tion anomaly shown in Figure 3. All arrivals are markedly
attenuated as a result of gas in the near-surface sediment.
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VI RESULTS

c. BIOGENIC AND THERMOGENIC GAS IN GAS-CHARGED SEDIMENT OF NORTON
SOUND, ALASKA

Keith A. Kvenvolden, C. Hans Nelson, Devin R. Thor, Matthew C.
Larsen, George D. Redden, John B. Rapp and David J. Des Marais

INTRODUCTION

Previous investigations in Norton Sound describe acoustic anomalies that
are attributed to the presence of near-surface gas-charged sediment, (Nelson,
C.H. , Kvenvolden, K.A., and Clukey, E.C., 1978; Holmes, M.L., Cline, J.D., and
Johmson, J.L., 1978; Cline, J.D., and Holmes, M.L., 1977, and 1978). One
anomaly in particular has been studied in detail because of the discovery in
1976 of submarine seepage of petroleum-like gaseous hydrocarbons into the water
column , (Cline, J.D., Holmes, M.L., 1977}. The gas seep comes from sediment
that is inferred to be saturated with hydrocarbons, (Nelson, C.H., Kvenvolden,
K.A. , and Clukey, 1978; Holmes, M.L., Cline, J.D., and Johnson, J.L., 1978;
Cline, J.D. and Holmes, M.L., 1977, and 1978). In the summer of 1977 a geochemi-
cal investigation of the seep site showed that near-surface sediment contains
petroleum-like gas and gasoline-range hydrocarbons (Nelson, C.H., Kvenvolden,
K.A. , and Clukey, E.C., 1978). However, the measured concentrations of hydro- .
carbons in the sediment, although unusually high, were well below saturation.
The contradiction between geophysical evidence suggesting gas-saturated sediment
and the geochemical  analyses showing concentrations of hydrocarbons greatly
below saturation led to the work described in this paper.

A major objective was to determine the chemical composition and concentration
of the gas in the sediment and to indicate possible sources for this gas. We
focused on two areas (Fig. Cl) where geophysical, geological and geochemical
information indicates that the sediment is charged with gas. One area, approxi-
mately 50 km south of Nome, is designated Site 3 from the core number of our
1978 survey. This area corresponds in location to the seep mentioned above,
(Nelson, C.H., Kvenvolden, K.A., and Clukey,  E.C., 1978; Holmes, M.L., Cline,
J.D. , and Johnson, J.L., 1978; Cline, J.D., and Holmes, M.L., 1977, and 1978),
About 12 km northwest of Site 3 we investigated a second area, designated Site 4.
At Site 4 there is evidence of gas-charged sediment, but there is no indication
of surface seepage of gas. At both sites the depth of water is 19 m. The geo-
physical, geologic and geochemical  results obtained at these two contrasting
sites have explained the earlier contradictory evidence from the seep area.

METHODS

The following high-resolution reflection-p”rofiling  multisensory system defined
the acoustical responses of the anomalies: (1) 800-J boomer; (2)3.5-kHz
subbottom profiling system; (3) 12-kHz echo sounder tuned to detect bubbles in
the water column; and (4) 200-kHz echo sounder also tuned to de”tect bubbles.
In addition to the high-resolution systems, deep-penetration reflection profiling
was obtained with a 120-kJ sparker system. Side-scan. sonar with a 100-m sweep
was used to detail the seafloor. About 200 km2 of seafloor surrounding Sites 3
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and 4 has been crossed by about 400 km of geophysical tracklines. The multi-
sensory acoustic system obtained a sequence of acoustic profiles from which we
constructed a detailed grid of geologic cross sections, (Larsen, M.C., Nelson,
C.H. , and Thor, D.R. , in press; Nelson, C.H., Holmes, M.L., Thor, D.R., and
Johnson, J.L., 1978; Thor, D.R., and Nelson, C.H., 1978).

Geologic observations consisted of underwater television.and photography
and detailed examination of sediment cores. A sled carrying a 70 mm underwater
camera and a television camera was deployed at Site 3 (the seep” site)to obtain
a direct view of the features on the bottom. Time constraints prevented under -
water camera and television coverage at Site 4. Sediment cores were taken with
an air-driven vibracorer which monitored its rate of sediment penetration. The
vibracorer had a barrel 6 m long and contained an 8.5-cm diameter plastic core
liner. From every meter of core, segments alwut. 9 cm long were removed for gas
analysis. Al SO , where a gas expansion pocket developed within the core, analyses
were made on gases”directly  removed through the core liner. The remaining core
segments-were preserved for later engineering studies. A duplicate core was
split, described geologically and sampled for organic carbon, moisture content,
and radiocarbon dating.

Geochemical studies consisted, of analyses for hydrocarbons and C02 on board
ship and measurements of total ga’s composition and of carbon isotopic composi-
tions of C02 and methane in shore-based laboratories, (Kvenvolden,  K.A., Weliky,
K ., Nelson, C.H., and Des Marais, D.J., (in press). One gas expansion pocket
in the core at Site 3 was ‘sampled as follows: the core liner was partially pene-
trated with an awl, and a rubber septum was strapped over the partial penetration
with a hose clamp. Gas’.s~ples were recovered by penetrating the septum, with
a needle on a gas-tight syring,e and with double-ended needles, to fill 20-ml
vacutainerk. Also, sediment from the samples removed from the cores were extruded
from the liners into l-qt. paint cans. Each can”was immediately filled with
helium-purged water. From each can 100 ml of water was withdrawn and the can
was sealed. The resulting headspace was purged with helium through septa-covered
holes in the can. The can was shaken for 10 minutes in a paint can shaker to
release interstitial gas into the headspace. One-milliliter samples of the gas
mixture from the gas pocket, the vacutainers and the paint can headspace were
analyzed on a gas chromatography having lwth flame ionization and thermal conduc-
tivity detectors. More detailed compositional information on the gas in the vacu-
tainers was obtained by shore-based gas chromatography. Methane and C02 from the
vacutainers were separated in a vacuum-line combustion apparatus and their carbon
isotopic composition determined by mass spectrometry using methods modified after

:;;:l (;:::::’:. ‘ ;;??;;,OO =Results are reported relative to the PDB (Peedee Bele-
.

[

13 12 13 12
C/ C (sample) - 1C/ C (standard) x 1000

2
C/ C (standard) -1

GEOPHYSICAL RESULTS

Geophysical studies have defined the general geologic setting for the area
where Sites 3 and 4 are located, (Holmes, M.L., Cline, J.D., and Johnson, J.L.,
1978) . The sites are on the northeastern side of Norton Basin, a major sub-
surface northwest-southeast-trending synclinorium. The upper stratigraphic
section of the basin fill consists of folded and faulted Tertiary rocks unconform-
ably overlain by horizontally bedded Quarternary units, (Nelson, C.H. , Hopkins,
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D.M. , Scholl, D.W., 1974). Tertiary strata dip generally southwest by
degrees or less into the synclinorium. Broad anticlinal agches within
tiary section are formed by dip reversals of less than 0.5 toward the

several
the Ter-
northeast.

The geology of the area is characterized by faults, folds, acoustic anomalies,
and gas seepage. Faults are subparallel,  trend northwest-southeast, and dip
southwest (Fig. Cl). These faults occur in zones which splay from deeper master
faults that offset the acoustic basement, (Holmes, M.L., Cline, J.D., and
Johnson, J.L., 1978). The fault system displaces Tertiary and Quaternary
units but does not seem to cut through surficial sediment.

Near-surface acoustic anomalies on seismic profiles are common in the area
of this investigation. Two types of anomalies are recognized on sparker records.
One type of acoustic anomaly, seen at Site 3,-is an acoustic-termination anomaly,
characterized by sharp termination of subbottom seismic reflectors with an inter-
vening zone lacking coherent reflections (Fig. C2A) . The other type of anomaly,
observed at Site 4, is characterized by near-surface “pull-downs” of seismic
reflectors. The pull-down effect continues to depth (Fig. C2D). The anomalies
are attributed to the attenuation and scattering of seismic signals due to gas
bubbles in the sed~ent (Nelson, C.H., Kvenvolden, K.A., Clukey, E.C., 1978).

.
The 120-kJ sparker profile over Site 3 (Fig. C2A) shows dipping reflectors

terminating at regions where the acoustic return signals are highly attenuated.
This anomaly is probably caused by a large continuous gas accumulation about 100
m below the surface (Nelson, C.H., Kvenvolden, K.A., and Clukey, E.C., 1978;
Holmes, M.L., Cline, J.D., Johnson, J.L., 1978). The boomer profile (Fig. C2B)
shows an apparent
C.H. , Kvenvolden,
kHz profiles show
gas seepage above

At Site 4 the
tor “pull-downs”.

near-surface extension of the large gas accumulation (Nelson,
K.A. , and Clukey, E.C., 1978]. The 12-kHz (Fig. C2C) and 200-
gas bubble trains in the water column that indicate active
the near-surface acoustic anomaly.

120-kJ sparker profile (Fig. C2D) reveals a series of reflec-
The source of acoustic disturbance is very near the surface.

The anomaly on the boomer record at Site 4 is patchy (Fig. C2E) in contrast to
the more continuous response shown on the record at Site 3 (Fig. C2B). The
12-kHz (Fig. C2F) and 200-kHz profiles at Site 4 show a clear water column with
no evidence of ‘gas bubbles.

GEOLOGIC OBSERVATIONS

The presence of active gas seepage at Site 3, as indicated on the 12-kHz and
200-kHz profiles, is documented by underwater television and photographs. Inter-
mittent and rapid streams of bubbles come from small vents. Bubbles are easy
to see on television but difficult to see in plan-view photographs (Fig. C3A).
Apparent gas vents were videotaped in 1977, but no bubbles were seen (Nelson, -

C.H. , Kvenvolden, K.A., and Clukey, E.C., 1978). These vents, plus those seen
in 1978, range from 5 to 40 cm in diameter, are too small to appear on side scan
sonar records, and are conical in shape with depth to width ratios about 1:1.
This shape differs from the shapes produced by biological activities which tend
to be infilled  and much smaller in size (Nelson, C.H., Rowland, R.W., Stokerr S.W.,
and Larsen, B.B., (in review). Gas seep vents sometimes occur at the crest of
ripple fields (Fig. C3B). There is no mounding around small vents. The vents
do not resemble mud volcanoes that have been described at other places and that
have generally been attributed to gas venting with mixtures of liquid and mud,
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(Newton, R. S., Personal Communication, 1978). The Norton Sound seep vents are
quite different from the apparent biogenic  gas craters commonly found elsewhere
in the sound (Nelson, C.H. , Thor, D.R. , and Sandstrom, M.W. , 1978) .

Relations between sediment ripples and vents indicate that dynamic processes
are operating at Site 3. Sediment at the two sites consists of very fine sand
and coarse silt derived from the Yukon River. Th3s material can be worked
into small ripples (Figs. C3A and C3B) by either intermittent storm waves or
strong bottom currents that reach speeds of up to 30 cm/s during daily tidal
fluxes (Cacchione, D.A., Drake, D.E., 1978). Photographs taken in 1977 show
a generally smooth, highly bioturbated seafloor at the seep site (Nelson, C.H. ,
Kvenvolden, K.A., and Clukey, E.C., 1978). In 1978, however, the seafloor was -_
rippled. The ripples were well preserved and generally symmetrical, like ripples
attributed to wave effects. Some of the ripples, however, were modified by
bottom currents and were formed into more asymmetric bedforms. The presence
of gas vents superposed on these dynamic mobile bedforms suggests that vents form
quite frequently. Further’mote, the absence of bubble emanations at most vents
indicates that gas movement in near-surface sediment is episodic and rapidly
changes pathways to the surface.

Gas in the sediment significantly changes sediment geotechnical properties
and internal structures. When the 2-m vibracorer penetrated gas-charged sediment
in 1977, rates of penetration were much higher than at locations that did not
show geophysical evidence of gas-charging (Nelson, C.H. , Kvenvolden,  K.A. ,
and Clukey, E.C., 1978). With the 6-m long-vibracorer used in 1978, penetration
was as much as three times faster at Sites 3 and 4 than at locations where no
anomalies exist. These data on rates of penetration emphasize the loss of shear
strength in near-surface, gas-charged sediment.

When cores in gas-charged sediment are removed from the seafloor, the gas
begins to expand rapidly and causes a number of secondary phenomena in the sedi-
ment core. At Site 3 the core expanded in an explosive manner so that nearly
a meter of sediment’was blown out the end of the liner when it was removed from
the vibracorer. In addition, several 5-10-cm gas pockets formed in the core from
the bubble phase gas (Fig. C3C).

The rapid expansion of the core disrupted internal sedimentary structures.
Cores at both sites showed a number of cracks (Fig. C3D) which have been noted
in other cores affected by gas expansion. The core at Site 3 contained a number
of gas cavities in the lower part, so that the sediment resembled a honeycomb
(Fig. C3E). The gas apparently streamed rapidly up through the core causing
longitudinal gas streaming structures in the lower part of the core (Fig. C3D,
top ) . A large honeycomb structure then formed above where this gas became trapped
beneath a cohesive peat layer. At Site 4 sediment expansion cracks also were
observed in the core; however, no large gas expansion pockets developed, and the
core extruded only a few centimeters out of the core barrel.

Seismic profiles suggest that the region near Sites 3 and 4 is characterized
by 1-2 m of Holocene sediment (Nelson, C.H., Holmes, M.L., and Thor, D.R., 1978;
Thor, D.R., and Nelson, C.H., 1978; Larsen, M.C., Nelson, C.H., and Thor, D.R.,
(in press); Nelson, C.H., Creager, J.S., 1977) and lithologic studies indicate
that the sediment is coarse silt derived from the Yukon River (McManus,  D.A.,
Venkataratham, K., Hopkins, D.M., and Nelson, C.H., 1974). The stratigraphy
in the vibracore shows Holocene sediment slightly over 3 m thick at Site 3 and
about 1.5 m thick at Site 4. Because of necessary compensation for gas expansion,
the true thickness of the overlying Yukon mud in this area is probably like the
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2-m thickness found elsewhere in Norton Sound. Yukon mud, 1.5 to 2 m thick,
overlies Pleistocene freshwater peaty mud deposited before the Holocene marine
transgression (Nelson, C.H., Creager, J.S,, 1977). The peats or peaty muds
that characterize Pleistocene sedimentation contain large amounts of organic
carbon (8 to 34 percent). This organic-rich mud may generate high quantities
of methane as observed at several places in Norton Sound (Nelson, C.H. , Thor,
D.R. , Sandstrom, M.W., 1978).

GEOCHEMICAL ANALYSES

The gases extracted from sediments at Sites 3 and 4 (Table 1) were analyzed
by gas chromatography on board ship. The measurements should be considered
semiquantitative because our standards required large multiplication factors to
calculate the unusually high concentrations of gases found at both these sites.
At Site 3, C02 is the dominant gas being about 4 to 5 orders of magnitude higher
in concentrations than methane, which is the most abundant hydrocarhn  gas. Of
special interest is the fact that the hydrocarbon gases”heavier than methane,
namely ethane, propane, and the butanes, are especially abundant r~l.ative  to
methane. The ratios of methane/ethane + propane ‘(C1/(C2 + C3) are all less than
10 and in fact, io one sample”, this ratio is less than 1. Ethene and propene
are also present but always in lower concentrations than their saturated homo-
logies. Gas chromatograms also show that gasoline-range hydrocarbons are present.
Generallyr the overall concentrations of hydrocarbons appear to decrease with
depth in the vibracore.

The dominant gas in sediment at Site 4 is methane and C02 is usually subord-
inate by a factor of about 3. Hydrocarbons heavier than methane are present,
but their concentrations relative to methane are small. For example, the ratios
of cl/(c2 + C3) range from about 1000 to 24,000. Near the surface ethene and
propene are in greater concentrations than ethane and propane but at depth satura-
ted hydrocarbons are more abundant, The concentration of hydrocarbons increases
with depth. Methane reaches concentrations near saturation in the interstitial
water.

Geochemical analyses of the gases present in a gas expansion pocket (Fig. C3C)
in the core at about 178-187
phase composition of the gas
by volume of the total gas m.
Ar, 0.3%; H2 , 0.1%; and H20,
Concentrations of individual
total gas are: methane, 362
20. Ethene and propene were

cm depth provided a good estimate of the bubble-
at Site 3. Carbon dioxide constitutes about 98%
xture. Other gases measured are: N2, 1.9%: 02, 0.5%:
trace. Only 0.04% of the mixture is hydrocarkwns.
hydrocarbons in parts per million by volume of
ethane,  39; propane, 18; n-butane, 4; and isobutane,

not detected. The ratio C~/(Cg + Ca) is 6.4, in
the same range of values shown in Table 1 for Site 3. ‘ & “

Carbon isotopic compositions were determined for C02 and methane from the
gas expansion pocket and for organic carbon at 325 cm in the core at Site 3.
For Site 4, carbon isotopic compositions were measured for Coz and methane from
the headspace of the canned sample from 190 to 199 cm and for organic carbon
from Pleistocene sediment at 212 cm in the core. The results, summarized in
Table C-2, clearly show that the sources of the gases at Sites 3 and 4 must be
distinctly different. On the other hand, the organic carbon in the Pleistocene
peaty mud has the same isotopic composition at both sites, andl therefore, the
peat probably is of the same source.

DISCUSSION

Our geophysical and geologic observations indicate that gas is present at
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high concentrations in the sediment at Sites 3 and 4. The geochemical  data
confirm these observations but show that the gas composition differs at the
two sites, with C02 leaking into the water at Site 3 and methane trapped in the
Pleistocene sediment at Site 4.

Many of the geophysical features at the two sites are simi”lar,  but there are
a few differences between the sites. Similarities between Sites 3 and 4 include
(1) a thin veneer of Holocene sediment covering Pleistocene peaty mud; (2) higher
rates of vibracorer penetration at both sites than at adjacent locations not
exhibiting near-surface acoustic anomalies. (These penetration data help ‘sub-
stantiate that the acoustic anomalies at Sites 3 and 4 indicate gas-charged
sediment) ; and (3) gas expansion cracks in cores from both sites. The core from
Site 3 also exploded at the top and developed large gas pockets within the
core liner, suggesting a higher sediment gas content at Site 3 than at Site 4.

Differences between the two sites appear’ mainly in geophysical records. For
example, the sparker records for Site 3 show an acoustic anomaly at about 100 m
depth that has sharp terminations of subbottom  seismic reflectors with an inter-
vening lack of coherent reflections; high-resolution records indicate bubbles
leaking from the sediment into the water column. At Site 4 the sparker records
show near-surface pull-downs of the seismic reflectors, and high-resolution
records indicate no bubbles in the water. The acoustic anomaly at Site 3 is inter-
preted to be caused by an accumulation at 100 m and deeper of gas, mainly C02. .
Some C02 apparently is escaping from the accumulation and breaks through the sea-
floor as a seep. At Site 4 the acoustic anomaly is believed to be due to trap-
ping of gas, mainly methane, generated in the near-surface sediment.

The chemical and isotopic compositions of the gases at Sites 3 and 4 provide
information for interpreting possible sources. Bernard et al. (Bernard, B.B.,
Brooks., J.M., and Sack~$t,  W.M., 1976) utilize two parameters, the ratio of

——

C1/(C2 + C3) and the 6 C value of methane, to determine the origin of natural
hydrocarbon gases in submarine seeps. They point out that microbial degradation
producesl~ydrocarbons with C1/(c2 + C3) ratios greater than 1000 and with methane
having 6 C values less than -60 O/OO. On the other hand,
duce hydrocarbons with C1/(C

?l
+ C3) ratios of O to 50 and 6

~~ermal sources pro-
C values of methane

heavier than -50 0/00. Thf3 ydrocarbon  gases at Site 3 where C1/(C2 + C3) ratios
are less than 10 and the 6 C value of methane is -36’~/oo, clearly are from
thermogenic sources according to the criteria of Bernard et al. (Bernard, B.B.,
Brooks, J.M.,

——
and Sackett, W.M., 1976). The dominant C02 at this site has a

carbon isotopic composition of -2.7 O/oo. This value suggests that the C02 is
probably derived from the thermal decomposition of marine carbonates, which are
believed to underlie large parts of the Bering Sea Shelf (Patton, W.W. , Jr.,
and Dutro,  J.R., Jr. , 1969) . Thus, the isotopic evidence for both organic and
inorganic carbon indicates that thermal processes are involved in the formation
of gases at Site 3. In contrast, the gases from Site 4 are dominated by methane
and are apparently produced by microbial activit~~ as suggested by the C1/(C2 + C3)
ratios ranging from 1~$)0 to 24,000 and by the 6 C of methane of -80 O/OO. The
C02 at Site 4 has a 6 C value of -~~ o/oo that is in the range consistent with
biologically produced C02 but we do not know if the method of collecting samples
from canned sediment affects the isotopic fractionation of the C02. Carbon
isotopic compositions of bacterially generated C02 and methane in sediment from the
Deep Sea Drilling Project (Claypool,  G.E., Presley, B.J., and Kaplan, I.R.,
1973) however, are similar to isotopic compositions at site 4. The presence of
high concentrations of methane in Norton Sound sediment is fairly common (Nelson,
C.H., Thor, D.R., and Sandstrom, M.W., 1978) , but the occurrence of a C02 seep
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at Site 3 is unique.

At Site 3 the predominant gas, C02, carries with it a small component of gas
and gasoline-range hydrocarbons. These hydrocarbons may be related to petroleum.
As an example, in the petroleum province offshore southern California, submarine
gas seeps are common. At two of these seeps the chemical and carhn isotopic
compositions of hydrocarbon gases have been determined. The results are similar
to those we obtained for gas at Site 3. For example, seeps at Coal Oil ~~int
and Carpenteria  have C1/(C2 + c3) ratios of 36 and 10 respectively and 6
of methane of -38.7 O/oo and

C values
-40.3 O/oo (Claypool, G.E., Presley, B.J., and

Kaplan, I.R., 1973). Thus, the hydrocarkmns  at Site 3 may be derived from pro-
cesses similar to or the same as those involved in the origin and maturation
of petroleum. Even if these hydrocarbons are derived from petroleum, they prob-
ably constitute less than 0.1% of the gas in the accumulation at 100 m depth
indicated by the sparker records. we cannot yet define precisely the sources
and processes by which C02 and the hydrocarbon gases are produced at Site 3 but a
number of alternatives have been considered and are discussed elsewhere (Kven-
volden, K.A. , Weliky, K., Nelson, C.H., and Des Marais, D.J., (in press)).

The occurrence of near-surface sediment charged with biogenic  or thermogenic
gas has direct implications for sediment stability (Whelan, T., Coleman, J.M.,
Roberts, H.H., and Suhayda, J.N., 1976). The presence of high concentrations of
gas in the sediment of Norton Sound causes a reduction in stability as suggested
by the rapid rates of vibracorer penetration into the gas-charged sediment.
Areas with near-surface, gas-charged sediment may be potentially hazardous to
any engineering developments requiring firm and stable footings.

CONCLUSIONS

Geophysical, geologic and geochemical evidence all indicate that gas-charged,
near-surface sediment is present in Norton Sound, Alaska. Some sediment is
charged with methane that is probably derived from microbial processes operating
on Pleistocene peaty mud beneath a thin veneer of Holocene sediment from the
Yukon River. At Site 3 sediment is charged with CO~, which seeps into the water
column . This C02 carries with it a minor component of hydrocarbon gases and
gasoline-range hydrocarbons. The chemical and isotopic compositions of the sedi-
ment gases indicate that they are derived from thermal sources operating at depth
within Norton Basin. The gases probably migrate up faults eventually reaching
the surface as a seep. The hydrocarbons apparently are derived through processes
similar to or the same as those that produce petroleum. Our data do not indicate
whether a significant accumulation of petroleum is present at depth. The ease
of penetration by the vibracorer into the gas-charged sediment suggest that the
presence of gas reduces the stability of the sediment. Areas where sediments are
charged with biogenically  and thennogenically  derived gas may be hazardous for
any future engineering developments in the area.
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Table 1 - Content of Gases in Sediment

nL/L of Interstitial Mater*

Interval Methane Ethane Ethene Propane Proper ie  ~-Butane Isobutane MethaneC02 —_– Ethane

(cm) Ethane+Propane Ethene

Sfte 3 110- 119 68x 103 7300 63 220 48 50 640 61 X 106 9 120
200- 209 4.OX 103 3000 290 9300 200 5600 24000 11OX 106 <1 13
300- 309 2.1 x 103 500 56 330 56 280 240 47 x 106 3 9
400 - 409 1.5X 103 340 180 440 130 240 94 52 x 106 2 2

Site4 O - 9 69x 103 28 81 35 68 14 .072 X 106 1.1 x 103 0.4
50- 59 220 x 103 66 170 45 66 1.4 x 106 2.OX 103 .4
90- 99 3500 x 103 820 99 320 28 34 4(I 4.6 X 106 3.1 x 103 8

190- 199 33000X 103 830 62 560 30 170 400 11 x 106 24 x ?03 13

290- 29941000 X 103 1100 330 760 140 290 640 17X 106 22 x 103 3

390- 399 36000 x 103 1000 330 910 230 170 230 12X 106 20X 103 3

*Concentrations are calculated on the basis of Interstitial water determined f’rom moisture content, Hydrocarbons are corrected for
partitioning effects between the headspace and the sediment-water mixture fn the pafnt  cans,



Table 2 - Carbon Isotopic Composition of Gases and

Organic Carbon in Sediments of Norton Sound (6 ‘3c%.)

Site 3 Site 4

C O * -.z.7t0,1, -2.6+0.1 -14.oio.1,  -14,4to.l

Methane -37?2, -35?2 -80.5t0.2, 80.4f0.2

Organic Carbon -27.9, -27.4,.., , ,., ,
,>’

-27.8, -27.8
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FigureC2. Geophysical profiles taken over Site 3 (A-C) and Site 4 (D-F).
A -- 120-kJ sparker record showing reflector terminations and intervening
lack of conherent reflections. B -- Boomer record showing reflector termina-
tions and continuous zone lacking acoustic definition. C -- 12-kHz record
showing V-shaped gas bubble trains in the water column. D -- 120-kJ sparker
record showing reflector “pull-downs”. E -- Boomer record showing reflector
terminations and patchy acoustic response. F -– 12-kHz record showing a
clear water, column without bubble trains.
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Figure C3. Gas escape features at Site 3. A -- Seafloor with a circular gas
vent and active bubbling (arrows) . B -- Rippled seafloor disrupted by cir-
cular gas vents. C -- Core in liner exhibiting gas expansion cracks on the
left side and a large expansion pocket filled with gas that was sampled by
syringe and vacutainer. D -- Internal sedimentary structures with gas stream-
<ng features in top core half. Core half at bottom is located stratigraphi-
cally above the other core and shows undisrupted peat layers that may trap
some gas below. E -- Honeycomb of gas cavities in core half just below
black peat layer (at left edge).
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VI. RESULTS

D. MODERN BIOGENIC GAS-GENE~TED  CRATERS (SEAFLOOR “POCKMARKS”)

ON BERING

Hans Nelson, Devin R. Thor,

SHELF, ALASKA
I

and Mark W. Sandstrom

INTRODUCTION

We have observed widespread ~ccurrences  of small (1-10 m diameter)

circular pits or craters in north-central Norton Sound of the Bering Sea

epicontinental  shelf: a few similar craters are also present near Port

Clarence (Fig. 1). These features resemble so-called “pockmarks” ob-

served on numerous other broad shelf areas (King and MacLean, 1970; Off-

shore Engineer, 1977; Platt, 1977). The origin of these sea-floor de-

pressions has been ascribed to diverse processes such as permafrost

melting, meteorite showers, and gas and fluid escape (Offshore Engineer,

1977).

We postulate that the craters in Bering Sea are formed by present-

day venting of biogenic gas generated and trapped in buried peaty mud.

This paper describes this new occurrence of craters or pockmarks and

shows the geological, geophysical, geochemical, and geotechnical

evidence in favor of our hypothesis.
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Methods

This paper is based partly on analysis of 2,800 km of high-

resolution profiles from Uniboom and 3.5 kHz systems and 2,200 km of

side-scan sonar trackline collected onboard the R\V SEA SOUNDER during

1976 and 1977 (Fig. 1). The Uniboom system utilized four hull-mounted

E.G. and G. transducer plates with a total

The Raytheon 3.5 kHz CESP II system used a

power output of 1,200 joules.

hull-mounted transducer array

consisting of 12 Tr-109A units. The105 kHz E.G. and G. side-scan sonar

sysem recorded at 50-m and 100-m sweeps (scales). The.altitude of the

transducer fish was maintained at approximately 10 percent of the scale

being

steel

used.

Surface sediment samples were obtained with a 60-cm stainless

box corer or a frame-supported Soutar Van Veen grab sampler that

was free of hydrocarbon contamination. Subsurface samples were obtained

with a 2 m Kiel vibracorer. Sediment subsamples  were collected as soon

as possible after the sampling device was brought on deck; the sediment

was placed into 600-ml paint cans, and the cans were filled with

distilled water to maintain a constant headspace of approximately 50 ml

and then flushed with helium before sealing the can. Low-molecular-

weight hydrocarbons (LMWHC) were determined by static headspace analysis

of the canned samples using gas chromatography (Nelson and otherst

1978). The cans were shaken, punctured, and l-ml samples of the gas

headspace were injected into the gas chromatography. A Carle #311

Analytical Gas Chromatograph, equipped with a flame ionization detector,

utilized a series of columns that allowed complete separation of Cl

through C4 alkanes and alkenes. The chromatography was calibrated with

l-ml samples of a gas standard.
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Gas

collected

analysis.

and other

remaining in the can after shipboard gas analysis was

in 20-ml vacutainers and stored for mass spectrometric

Methane in the gas samples was purified from carbon dioxide

hydrocarbons by passing it through a trap

collecting it o’n activated charcoal held at -180QC.

quantitatively converted to carbon dioxide for mass

held at -180QC and

The methane was

spectrometric

analysis by combustion in an oxygen atmosphere at 900QC using the meth”od

of Kaplan and others

Geologic Setting

Norton Sound is

northwestern Alaska,

the southwest by the

nearly flat, lacking

(1970).

an elongate, east-west trending marine reentrant in

bounded on the north by the Seward Peninsula and on

Yukon Delta (Fig. 1). The floor of the sound is

topographic irregularities except a broad, shallow

trough in the northern part. Most of the sound is between 10 and 20 m

deep (Fig. 2).

Sea-level lowering in late Pleistocene time caused Norton Sound to

be subaerially exposed (Nelson .and Hopkins, 1972). During this time,

fluvial processes and tiurdra vegetation characterized the area (Hopkins,

1967) and peaty, organic-rich mud was deposited over much of the region

(Fig. 2). This fluvial freshwater sediment contains 2.5 to 7 percent

organic carbon as compared to the overlying marine sediment, which

contains 0.5 to 1.0 percent organic carbon (Nelson, 1977). The

carbon-14 ages of the uppermost part of the notiarine sediment range

frcxn 10,120 to 16,400 years B.P. and confirm” its pre-transgressive. .
., ,“

history and origin as non-marine deposition on an emergent landmass

(Steve Robinson, written communication, 1978; USGS Radiocarbon dates W-

2686, 155, 157, 159, 357 and 352).

., ., , 1 1 2 ,.
. . . .
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The sea flooded most of Norton Sound, initiating marine

sedimentation during the period between 12,000 and 9,000 years B.P.

(Nelson and Creager, 1977). In Holocene time 0-10 meters of fine-

grained sandy silt derived from the Yukon River has prograded over

Nort~n Sound (McManus and others, 1977; Nelson and Creager, 1977). The

Holocene marine sediment typically is less than 2 m thick in the region

of the sea-floor craters (see cores 121, 126, 131 in Fig. 2; Nelson and

Creager,  1977).

CWTER AREA CHAFWCTERISTICS

Crater Morphology and Distribution

Small circular pits occur on the seafloor over a large area of

central and eastern Norton Sound (Fig. 3). These craters range from 1

to 10 m in diameter, average 2 m in “diameter, and area probably less

than half a meter deep because their relief is not evident on the

horizon line of monographs or 200-kHz fathoqrams  (Fig. 4). Neither rims

nor mounds around the craters have been observed on monographs. The i r

absence also is characteristic of other pockmark occurrences (King and

MacLean, 1970; Per Stokke, written communication, 1978). The cross-

sectional shapes of the craters cannot bs determined because of the lack

of visible relief in the records. Most of the craters,however, probably

are relatively shallow and flat floored. If they were funnel-shaped,

geometry would dictate depths greater than 0.5 m, and such shapes should

be evident on records. The fairly smooth, concave saucer shape of

craters probably results because (1) after the crater forms the soft

sediment flows from the sides toward the center, and (2) the constant

oscillatory pounding of wave motion on the bottom induces shear failure

in soft sediment (Henkel, 1970), thus causing crater sides to collapse

toward the center of the crater.
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Althqugh we lack side-scan data in the central area of the crater

field, .crater density seems to decrease outward from two areas of
.

greatest concentration in east-central Norton Sound.( Fig. 3).

Concentrations reach a maximum of 134 craters per kilometer of trackline

or over 5,000 craters/km2; typical concentrations, however, range from

200 to 1000 per km2.

Geophysical Characteristics of Crater Areas

High-resolution seismic profiles in Norton Sound are characterized

by parallel horizontal reflec~ors, commonly with acoustic anomalies

except in the Yukon prodelta area (Figs. 1 and 4). The acoustic

anomalies represent acoustically impenetrable near-surface zones in the

sediment and occur as (1) total termination of subsurface reflectors

with weak or absent multiples (Fig. 4), or (2) hyperbolic forms just
. .

below the surface, replacing normal reflectors, but with strong

multiples. Anomalies range from sporadic features a few meters long to

continuous features several kilometers long. Both types of anomalies

occur throughout the Norton Sound area and in many cases are associated

with specific locations of the small circular craters or pockmarks.

Two possible causes for the acoustic anomalies in Norton- SounZ are

(1) sharp contrasts in sediment type or (2) presence of gas-charged,

peaty Pleistocene mud. Gravel beds in buried channels may act as a
.-

multifaceted, dense reflector surface and thus create a hyperbolic

anomaly (Nelson and others, 1978). Peat or gas-charged sediment may act

as an acoustic sponge, absorbing all reflective energy because of the

large density difference between gas-rich peat and sediment (Kepkay and
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Barrett, 1977; Schubel and Schiemer, 1973; Keen and Piper, 1976). The

extensive reflector-termination anomalies  and occurence of peat with

high gas content in east-central Norton Sound suggest that gas-charged

sediment is a major cause of acoustic anomalies in sediment of the

crater field area.

Organic Geochemical  Characteristics of Crater Areas

Low-molecular-weight hydrocarbons (C1-C4) (LMWHC) are present in

the sediment of Norton Sound (Table 1). These hydrocarbons may be

generated from microbial degradation (biogenic gas) of organic material

or from thermocatalytic  alteration (thermogenic gas) of organic

material. Biogenic  gas is usually characterized by C1/C~ + ’23 ratios

13greater than 50, Cl/ C1-C4 ratios greater than 0.99, and C values

lighter than -50 O/oo (Bernard and others, 1976; Stahl, 1974).

Thermogenic gas usually has C1/C2 + C3 ratios less than 50, Cl/ C1-C4

ratios less than 0.95, and 13C values heavier than -50°/00 (Bernard and

others, 1976).

Gas chromatographic analysis of the LMWHC in

shows the gas is predominantly methane (>99%) with

ethane, ethylene, propane, propylene, and iso- and

Norton Sound sediment

small amounts of

~-butane (Table 1).

The C1/C2 + C3 and Cl/ C1-C4 ratios (>1000 and >0.99, respectively) and

13C values (-69 to -75°/00) for the gases in these sediments

substantiates

concentration

that abundant

decanposition

that the LMWHC are generated by biogenic  processes. High

of organic carbon in the peaty mud (3-7 percent) suggests

organic material is present for microbial anaerobic

and methane production to occur.
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The chemical composition and ‘3C values of the LMWHC (Table 1) in

these sediments rule out the possibility that

in the sediment is related to the thermogenic

‘Sound reported by Cline and Holmes (1977) and

high methane concentration

gas seep in western Norton

Nelson and others (1978).

Cline (“1976) detected relatively high Cz and C3 concentrations in the

water column, yet no methane anomalies were detected in bottom waters or

the gas seep area of central Norton Sound.

Methane content in surface sediment and bottom water is not
. . .

anomalous (Fig. 5); subsurface valuest however, increaseby  several ‘

orders of magnitude in Pleistocene peaty mud in the crater area (see

core locations 121, 125, 131 in Figs. 2 and-3). In samples at the base

of the vibracores in the crater area, measured methane content was very

close to saturation or bubble phase as calculated

Yamamoto and others (1976). Both Holocene marine

freshwater sediment contain much less

cores 137 and 15 in Figs. 2 and 3).

The variation in organic carbon

by the method of

and Pleistocene

methane in non-crater areas (see

content correlates with methane

content and may predict the presence of high methane concentration in

the Port Clarence crater area where methane measurements are not

available. In cont~ast, “organic carbon content is significantly lower in

Pleistocene freshwater mud in areas where no craters are found, yet the

basic stratigraphy is similar to that of other crater areas (see 15 in

Fig. 2; Nelson, unpublished data).

RELATIONSHIP OF CRATERS TO SEA-FLOOR GEOLOGY, GEOPHYSICS AND GEOCHEMISTRY

The craters in the northern Bering Sea are very recent features as -
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shown by their presence within modern ice-gouge grooves and by the fact

that relict, buried craters have not been observed in seismic profiles

(Fig. 4). Bering shelf craters are found only in areas with a thin (l-3

m) cover df Holocene fine-grained mud, generally Yukon silt (McManus  and

others, 1977). Where the mud is thicker, craters and acoustic anomalies

are absent. No craters have been found on the Chirikov Basin seafloor,

which is covered by transgressive gravel and fine sand (Nelson and

Hopkins, 1972; McManus and others, 1977). However, mud-covered swales

between sand ridges off Port Clarence do contain craters (Fig. 2).

The,areas  of sea-floor craters occur where the near-surface peaty

mud is rich in organic carbon (greater than 3 percent) and

consequently, contains a high quantity of methane. The methane content

is saturated or in bubble phase at many places in the peaty mud of

Norton Sound and thus causes absorptive acoustic anomalies (Schubel and

Schiemer, 1973). The lack of anomalies under some crater areas may be

due to the loss of gas in subsurface sediment through recent outgassing.

Failure to measure methane saturation in crater areas probably is best

explained by loss of gas and pore water during coring and sample

processing of short vibracores without core liners. hethane saturation

was measured in 1978 sediment from samples enclosed in core liners.

Samples in which methane content close

been vibrated out of the sea floor and

exposed them to atmospheric conditions

to saturation were measured had

then split. This procedure

before analysis, and considerable

gas could have escaped. The high methane content remaining at the time

of analysis suggests that the in situ sediment was saturated with——

methane, and the high methane content could cause the observed acoustic

anomalies. Because measurements of both organic carbon and methane vary

1] Methane saturation was measured in 1978 sediment from vibracore samples
enclosed in core liners.
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stratigraphically down section and from place to place, it is likely

that in situ variation of organic carbon and bacterial methane——

production may in part explain the sporadic occurrence of acoustic

anomalies (Reeburgh and Heggie, 1977).

CRATER GENESIS

All evidence from research elsewhere (Claypo,ol  and Kaplan, 1974;

Reeburg and Heggie, 1977) indicates that highutethane concentration in

“the area studied can result from microbial decomposition of organic

detritus in the subsurface Pleistocene peaty mud. Martens and

Berner(1977) and Martens (1976) have ‘noted that methane concentration

sometimes reaches.the  saturation point, charging the sediment with gas.
. .

The observed subsurface stratigraphic relations, geochemical

characte~istics, and measured geochetiical properties of peaty mud all,.
,

point to gas ventingas the cause of the-small surface craters in Norton

Sound. Increased organic content in sediment normally increases water

content an~ compressibility while decreasing shear strength and density. .

(Whelan and others, 19?6).
- This effect can be demonstratedin  peaty mud

of Norton Sound

and ,decre.ase in
.

others, 197S).

because the normal downward.increase  in shear strength

water content do not occur in peat zones- (Clukey and

These characteristics, .together ‘:~ithtlfe.high  “,-’

ccxnpressibillity  of peaty mud, increase the” chance of gas venting.

Two basic mechanisms for gas venting can be proposed. The first

is that continuous piping or local degassing may maintain craters as

continually active gas vents on the seafloor. The second and favored

hypothesis proposes that”gas is intermittentlyv ented, particularly, ~

under severe storm .cond~tions. In the first case, generally continuous
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bubbling should be apparent but has never been observed

and “bubble detector” profiles. Also, with more or less

degassing, the entire sediment section should generally

on any seismic

continuous

be

underconsolidatedt and it is not (Clukey and others~ 1978). Instead,

sediment typically is overconsolidated,  as might be expected from

intermittent rapid sediment degassing, collapse, and densification.

Continual degassing should allow the continuous reworking of sediment to

form a crater with a deep funnel-shaped cross section; like those

observed at the active seep site in Norton Sound (Nelson and others,

1978). Continuous sediment disruption by bubbling should result in

elliptical

the strong

(Cacchione

crater shapks (King, Mclean and others) elongated parallel to

east to west directed storm-tide currents of Norton Sound

and Drake). Round shapes, however, prevail in Norton Sound.

Also, continual venting over the large area of Norton Sound should

enrich surface sediment and near-bottom water”in methane, but methane is

not enriched (see surface samples in Fig. 5; Cline, 1976).

In contrast to the aforementioned hypothesis, the extremely low

content of gas in overlying Holocene marine sediment compared to that in

the Pleistocene mud (Fig. 5) suggests that gas diffusion to the surface

is slow, even though the sediment is

thick. This .contrast indicates that
. .

only a few tens of centimeters

gas generated in peaty mud will

build up with time and be trapped relatively close to the surface,

particularly throughout northern Norton Sound where pre-transgressive

peaty mud is only thinly buried by Holocene mud.” When this gas-

enriched, ccmp’ressi.hle  sediment canes under increased stress from

‘ rapidly fluctuating stozm wave pressures, it is likely that gas venting,
. . .

sediment collapse, and surface crater fozmation will occur.
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The presence of the craters and high quantities of methane trapped

beneath marine mud in Norton Sound suggest that gas venting is episodic

rather than by slow diffuson to the surface; diffusion may take place in

the noncohesive sediment of Chirikov Basin. Episodic gas venting on

this extremely shallow shelf is most likely associated with the storms

of this regon. Significant sea-level set-up is common in Norton Sound

(Fathauer, 1975’), and the movement of immense amounts of water into the

region should affect bottom-sediment pore pressures. The associated

storm waves can cause rapid fluctuation in wave loading and affect the

seafloor stability. Storm waves also resuspend sediment and may cause

sediment unloading over extensive areas (Nelson and Creagerr 1977).

The absence of acoustic anomalies and craters in the Yukon

prodelta area suggests that gas saturation is at a delicate equilibrium

state in subsurface sediment in the crater area. Greater sediment
--

loading and thickness of the Holocene delta wedge over the Pleistocene

sediment in the prodelta area may prevent subsurface dissolved gas from

reaching bubble phase or venting to the surface, whereas storm wave

~oading over thin Holocene sediment in the crater area may trigger gas

releases from Pleistocene sediment.

GEOLOGIC SIGNIFICANCE

Characteristics of craters or pockmarks in the

agree with basic observations of these features on

and MacLean, 1970; Offshore Engineer, 1977; Platt,

others, 1978). The Bering Sea

surface sediment in the region

unit with fine-grained texture

northern Bering Sea

other shelves (King

1977; Josenhaus and

craters are found in the finest textured

which indicates that a sealing surface

is required to facilitate crat”er
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forma tion.. The Bering shelf has the greatest number of craters per unit

area and smallest craters described to date compared to other cratered

shelves (Offshore Engineerr 1977). Since Holocene sediment of the

Bering shelf

observations

surface unit

is the thinnest of any crater area observed at present,

there correlate with other findincjs that the thicker the

is, the larger and fewer are the craters (Josenhaus  and

others, 1978). On the Scotian and North Sea continental shelves, crater

formation is thought to be inactive because crater patterns and

lineation appear to be related to deeper structure and because numerous

buried relict pockmarks are found. In contrast, the Bering shelf is an

example of an active system with no apparent correlation to subsurface

structure, only to lithology and present-day biogenic methane formation.

Widespread deposition of organic-rich paralic sediment during the

Pleistocene history of regression, emergence, and transgression over

epicontinental  shelf areas suggests that this dynamic process of gas

cratering should be a worldwide phenomenon, particularly where thin

deposits of Holocene mud may form a seal over gas-generating paralic

sediment. Ancient analogs, perhaps indicated by vertical escape

structures and filled craters, should be searched for in the extensive

stratigraphic record of past epicontinental sea deposits.
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Sanple Depth (m) (s13 CPDB ‘a) I
CH4:~vm’ol)g  dry cH4/c2H6+c31$1 CH4/~ CH4 - C4H10 (parts per thousand),

sediment )

121 VIBR 10-20 0.57 49 ‘ 0.974 “ “n.d. ‘b )

.
60-70 5 . 9 1 256 . 0.995 “ n.d. (b?

170-180 201.97 6536 0.999 -72.16%

12S VXBR 72-80 38.07 3626 0.999 n.d. (b)

148-150 I 149.91 n.d. n.d. - -68.94$

131 VIBR 70-75 4.19 873 0:998 n.d. ‘b)

160-165 173.31 7669 0.999 -75.01*
,

(a) measured relative to PDB standard (Craig, 1953) (b) n.d. = not determined. Insufficient gas available
for isotepic measurenmnt.

Table D-1. Hydrocarbon gas content and carbon isotope ratios of vibracore  samples taken
in the gas crater area of north-central Norton Sound.
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b,
Figure ‘-4 A - Characteristic acoustic anomaly on Uniboom profile.

E- characteristic craters on sonograph associated with
acoustic anomalies, as shown in “A”.

c- craters formed within an ice gouge.
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VI. RESULTS

E. GEOLOGIC IMPLICATIONS AND POTENTIAL HAZARDS OF SCOUR DEPRESSIONS
ON BERING SHELF, ALASKA

Matthew C. Larsen, Hans Nelson, and Devin R. Thor

Introduction
,., ,, ,..

Broad (50-150 m) shallow (less tha”n  l-m ‘deep) depressions have been
;,

observed on monographs from western Norton Sound. The large depressions

,described in this ~per may result fran act”ive sediment scour by stronq

neaf-bcttom currents, and appear to be the first reported natural occurrence of

features genera~ed by ‘“Sea’fluhe exp&riments  in similar marine muds (Young and Southard,

1 9 7 8 ) .

flatter

-eastern

craters

methane

These features have much” greater diameter, more irregular shape, and

bottoms than the” small;,  (3-10 m) more conical craters observeq. in

Norton Sound (-Nelson, ‘Thorj and Sandstrorn, 1978). The small conical

are associated with seismic acoustic ancxnalies and high biogenic

concentrations... ,They are caused by gas venting at the ,sea floor (King

and McLean,,  ,1970; Garrison, ,19?4; Nelson, Thor and Sandstran,  1978).

Current scour of large depressions and association with intense ice,. ,.

gougi~g,.(<Tho,r  and others, 1978) may be a hazard to the development of;, >.,,. ::. . .

petroleum facilities (Palmer, 1969; Posey, 1971; Demars and others, 1977;
. . ... ..,: ,, .,.:-, . . . . ,~.. .>,,

Herbich,  1977) in the Norton Sound area. Such potential geologic hazards are., . ,. ., . . . ,:,, .. .. ::.... ,“. ,, .,.

of concern because Norton Sound is favored for future resource development
.,

,,, ! . , .,. ,..,, . . .-. , ,.
(Nelson, Kvenvolden, and Clukey, 1978).

., ., . ,:....’. .-, ,, ,. ~ .’
Substrate reconnaissance employing high-resolution profiling, side-scan

, ;,”,..,,.  !,.. . ..-. . . . . .,,

sonar reflection, bottom photography, underwater television, “sediment-grain-
.,..

,, ,,,: .:---- ..,. -..,; .? .,, ..., !,” ,. . . .
size analysis, and examination of current dynamics has been undertaken to

determine if large depressions represent areas of intense scour by currents.

This paper describes depressions and their correlation with occurrence of

strong currents, ice gouge furrows, major topographic shoals, and very fine

sand to coarse silt substrate.
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Methods

A total of 4400 km of trackline of E.G. .S G. side scan sonar was collected

at a 100 m sweep during the 1976, 1977, and 1978 field seasons in Norto5

Sound. High resolution profiling records were collected simultaneously (Thor

and others, 1978). Occurrence, extent, and morphology of probable scour

depressions were mapped fran the monographs (Fig. 1).

One hundred and fifty sediment samples from Norton Sound were analyze?

Using rapid settling tubes for the 2 mm to 0.063 mm size fraction and a

hydrophotometer for the 0.044 mm to 0.004 mm range (Jordan and others, 1971;

Nelson, T.A., 1976). Coarse fractions, greater than 2 mm, were dry-sieved and

weighed.

Current obsemations (within 1 to 5 m of the bottom) were compiled fror, .
.,

previous studies in Norton Sound (Goodman and others, 1942; Fleming and ‘: “’ ““

Heggarty, 1966; Husby, 1969, 1971; McManus and Smyth, 1970; McManus and

others, 1974; Coachman, Aagaard and Trip, 1976; Nelson and Creager, 1977;

Cacchione  and Drake, 1978a) and fran our own measurements at 50 current meter

stations in this area in 1976 and 1977 (Fig. 1 A). Since the measurements

ccmpiled are temporally unrelated, results for current speeds are fairly

uniform, but current-direction data are conflicting. A map showing mean

current s~eds greater than 20 cm/sec was compiled for Norton Sound (Fig. 2);

these data are not presented for Chirikov Basin, where no scour features have

been found,
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At each of 30 stations in Norton Sound, approximately 30 minutes of

underwater television scanning was videotaped and 20 bottom photographs taken

with a 70 mm format black and white still camera. Large-scale features such

as scour depressions could not be seen on videotape  or photographs owing to

the limited field of view (40 ,cm diameter). In addition, turbidity in the
.

water column was a particular problem in the ”south-central. part of Norton

Sound in areas near the Yukon Delta. The ‘technique of scanning  the substrate

with underwater television proved to be effective in examining ”sm,all-scale

bottom features such

bedforms. A compass

the field of view. of

as animal burrows, sediment characteristics, and ripp”le

with a vane marked out in centimeters was suspended in

the TV camera. .Using this as a measuring device, it was ~

possible to determine ripple wavelength and height.. ,,

Morphology o f  D e p r e s s i o n s

Zones of depre,ssions  occur” in two ,principal.areas  of Norton Sound. The
,,

most extensive area is west of the Yukon prodelta) where ice gowing is

commonly associated with shallow depressions (Thor and others; 1978). The. ,

second

trough

occurs

. . . . ,
zone is 50 @ southeast of Nome on the western flank” of a broad. shallow

.,

where water depth is greater than 20 m (Fig. 1). Isolated scour also

10 Iun west of Stuart Island where sedimentary structures suggest.

frequent strong currents (Nelson. and Creager, 1977).-,

Scour features range frcm individual, more or less elliptical

depressions, 10 to 30 m in ,di~eter, to large areas of ,scour with irregular

margins, 80 to 150 m in diameter (Fig. 3). ,Mostdepressions.o  bserved appear. . .

to have very sharp margins ,with a broad flat bottom between steep walls.

Some locations of observed scour

visible as a long sinuous scarp.

are so extensive that only one margin is
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Monographs over areas with depressions southeast of Nome are of

sufficient quality that relief can be measured on the horizon line of the

sonograph (Fig. 4)0 Scour in this location is 60 to 80 cm deep. Since side-

scan reflectors at this location are of the same order of magnitude as scour

features at other observed locations, 60 to 80 cm may be a canmon scour depth

of these depressions in Norton Sound.

Current Regimes and Bottom Character

Reqional current direction in the northeastern Bering Sea is to the north

at a mean velocity of 20 to 25 cm/sec (Coachman and others~ 1976). Current

speed slows down as water moves through Norton Sound in a counterclockwise

gyre. Tidal movement of water in Norton Sound is east-west (Cacchione and

Drake 1978a). The highest non-storm velocities, 30 cm/see, have been measured

durtng spring tidal cycles (Cacchione and Drake, 1978a) in 80 days of

continuous measurement taken within 1 m of the bottom by the GEOPROBE

instrument (Cacchione and Drake, 1978b) (see Fig. 2 for location). The

maximum current speed measured was 70 cm/see, recorded during an

autumn storm of 2 to 3 days duration (Cacchione and Drake, 1978a). Storm-wave

components contributed a major part of maximum current speeds obsemed at this

time.

No?rnal  bottom-current speeds under non-storm conditions are between 5 and

10 Cmisec in

of the sound

areas on the

eastern Norton Sound. Current speeds increase toward the center

and are greatest at the west end. Bottom-current speeds in scour

Yukon prodelta and in the trough area southeast Of Nome (Fig. 2)

range fran 10 to 35 cm/sec during non-storm conditions. The mean bottom-

current speed in both scour areas is about 20 cm/sec (Fig. 2)*
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Well-developed  ripples occur in both major scour areas. Ripples in scour

areas on the prodelta and south of Nome are asymmetric; wavelength is 10 to 1’5

cm, height, 3 to 5 cm. Photographs in non-scour areas reveal only a flat

fine-grained substrate with no visible bedfoms.

Sediment grain size in Norton Sound ranges fran very fine sand to fine

silt (Fig. 5). The mean size over the central area containing most

depressions is relatively homogeneous and ranges frun very fine sand to coarse

silt. Sediment in the southweste”rn area of depressions in Norton Sound is

finer grained and is derived entirely fran the Yukon River (McManus  and

others, 1974, 1977). Prodelta sediment is 25 to 50 percent sand, 40 to 70

percent silt, and less than 20 percent clay (Clukey and others, 1978); mean

grain size is 0.044 mm (4.5 phi). Sediment in the trough southeast of Nome is

typified by coarser grain size. Sediment fran Seward Peninsula sources is 65

to 78 percent sand, 20 to 30 percent silt, and less than 8 percent clay. Mean

grain size, 0.058 mm (4.2 phi), is slightly coarser than for
. ..’

‘prodelta sediment. Sediment near the delta shoreline and in

gravel to fine sand, is much coarser grained than that found

southwestern

Chirikov Basin,

in scour areas of

Norton Sound. Fine .Silt of easternmost Norton Sound contains no areas of

scour depressions.

Depressions in northern Norton Sound are on a slope at the edge of a

shallow east-west-trending trough (Fig. 1). Ebbing tidal currents may be

concentrated on the western face of the trough, owing to east-west motion of

tidal-water masses? strong currents generated by receding water of storm-surge

set up in Norton Sound (Fathauer, 1975; Nelson and
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Creager,  1977) may focus on the northwestern face of the trough. On both of

these topographic slopes, small-scale ripple forms indicate stronger current

s~eds ccanpared  to areas of Norton Sound where ripples are absent.

Sediment liquefaction and failure may occur on slopes such as these and

consequent development of scarps may triqqer flow

separation and formation of depressions. One scarp has been observed in

association with a depression in this area (see Fig. 3A); no other features

related to sediment failure such as downslope bulges are apparent. The

depressions here have a steep vertical face around their entire margins.

Depressions on the west edge of the Yukon prodelta are on a gradual slope

of less than 0.5° (Fig. 1). Although sediment failure may occur in this area,

the predominance of ice gouging makes it difficult to judge the role of

sediment failure in forming or initiating depressions; most depressions appear

as completely enclosed features and are associated with outgrowths of original

ice gouge furrows (Fig. 3).

The west-facing slope of the prodelta can focus wave energy and projects

into Sphanberg Strait. Here it is exposed to north-trending currents that are

intensified on the right side of the strait, apparently because of the

Coriolis Force Coachman, Aagaard, and Trip, 7976). These intensified currents

have sheared against the western part of the prodelta, limiting progradation;

a steeper offshore gradient has developed there than on other parts of the

prodelta.

Ice gouges canmonly expand into large shallow depressions in the western

area of the Yukon prodelta, where strong bottom-current shear occurs. More

than halfof the depressions observed in monographs taken in Norton Sound are

associated with ice gouging. Gouge-furrow width ranges from 5 to 60 m; gouge

width of 1S to 25 m predcxninates  (Thor and others, 1978) . Gouge depth to 1 m
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has been observed but 0.25-0.50 m is the average. Most

northern Bering Sea occurs in water depths of 10-20 m.

concentration of ice-gouqe furrows is north and west of

gouging in the

The highest

the Yukon delta, where

there are 5.5 per Ion of trackline. Northwestern Norton Sound has a lower

concentration of gouge furrows, 0.5 per ?-an of trackline.

Genesis of depressions

Depressions are associated with a substrate of specific grain size,

strong bottom current regimes, local morphologic obstructions, and topographic

shoals. “Flume expertients  in fine.sandand silt have shown that currents flowing over

an obstruction will erode material immediately behind the obstruction

(Southard and Dingier, 1971; Southard, 1977; Young and Southard, 1978). As

with development of bedforms in fine sand, disruption of a flat sandy-silt

bottom by gouging apparently provides a similar mechanism for initiating
/

downstream scour. Once the irregularities in the substrate and the current

speeds of storm conditions develop, flow may separate over the disruption; the

resulting eddy can erode sediment to a certain depth and distance downstream

(Young and Southard, 1978). small-scale ripples are the only bedforms that

have been observed to form in the grain size ranges (3.5-5 phi,

0.088-0.031 mm) that are present in much of Norton Sound (Harms and others,

1975; Middleton and Southard, 1977). The large scour depressions we observe

may be a characteristic erosional bedform respnse developed during storms

when strong current and wave energy is focused on silt-covered slopes with

local topographic obstructions.
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In Chirikov

grain size exist

the sea floor is

Basin, where generally stronger current regimes and coarser

(0=50 ~ to 0.088 mm, 1 to 3.5 phi), the bedform response on

characterized by fields of large-scale sand waves and sand

lineations  (Nelson, 1977a: Nelson and others, 1977; Field and others, 1977).

The only similar scour described for sandy areas is in the form of regularly-

shaped comet marks scoured downstream from solitary boulders that disrupt

current flow (Werner and Newton, fi975).

Depressions in Norton Sound all occur in areas covered

(McManus  and others, 1974, 1977), but the grain size, 0.044

by Holocene silt

mm to 0.063 mii.

(4.0 to 4.5 phi), is slightly coarser in depression areas than in the central

or eastern regions of Norton Sound where grain size ranges fran 0.044 mm to

0.031 mm (4.5 to 5 phi) (Fig. 5). This again shows that areas containing

depressions are associated with locations of strongest current regime in

Norton Sound (Fig. 2). It also pcints out that potentially more cohesive,

finer grained

depressions.

Evidence

silt in eastern

at the GEOPROBE

Norton Sound is not associated with scour

site, just west of the northern set of

depressions in similar silt-size sediment (Fig. 2), shows that critical shear

velocities are seldcm exceeded under the normal current regime of the region

(Cacchione and Drake, 1978a). During storms, current velocities are doubled

and large amounts of suspended sediment are detected by the GEOPROBE

transmissometer and nephelometer. Since the GEOPROBE site is apparently

representative of the general oceanographic conditions in western Norton

Sound, we infer that storm conditions provide an adequate mechanism for

intense scour of Yukon silt deposits and formation of large-scale scour

depressions.
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The GE OPROBE site differs fran areas of scour in regiOnal topography and

incidence of. ice gouging. It is located in a broad flat area of the Nort~n

Sound floor where no shoals or troughs constrict movements of bottom

currents.
+

(Thor and

Occurrence of

others, 1978),

by localized obstruction

ice-gouge furrows in this area is low to moderate

thereby reducing the ~ssibility of scour initiattcn

The broad, flat-bottomed steep-walled nature of scour depressions

suggests a temprary base-level control to erosion. In north-central Norton

Sound, erosion occurs through a thin (0.2-1 m) coarse marine silt apparently

down to underlying more cohesive Pleistocene fresh-water peaty mud ~hat may

provide a flat-floor resistant to erosion (Nelson and Creager, 1977; Clukey

and others, 1978). In prodelta scour areas, this Pleistocene mud is buried by

as much as 8 to 10 m of Holocene silt (Nelson and Creager, 1977) containing \

intercalated storm-sand layers that thicken toward the shore of the modern

Yukon subdelta (Nelson, 1977b). In a scour depression, upper

be completely eroded to an underlying depositional surface of

silt that could form a temporary base level, and the depth of

sand layers may

more cohesive

this base level

could determine the flat-floored depth of scour in these depressions.

Potential Geolog ic Hazards in Scour Areas

Synergistic effects of strong bottom currents fran storms and ice gouging

that trigger scouring of large depressions in Yukon silt suggest.that a

potential geologic hazard may exist for offshore development of pipelines and

gravity structures in Norton Sound. Current scour is a known problem along

routes of subsea”pipelines because it can expose and leave lengths of

pipeline unsupported (Demars and others, 1977). Extensive undermining of

pipelines poses serious risks of stress and structural damage.
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Gravity structures are used in shallow-water areas of well-consolidated

undersea sediments such as occur in Norton Sound and the North Sea (Gerwick,

1976). Gravity structures are stable by virtue of their large mass and broad

base (approximately 20 m in diameter), which gives them a low center of ~

gravity. Problems in gravity-structure stability arise fran differential

settling of sediment at the base that can be +.nitiated by compaction of poorly

consolidated substrate material, or loss of substrate support by current scour

(Wilson and Able, 1973; Palmer, 1976).

Two types of current-scour, initiated by an artificial obstruction on the

sea floor, have been documented by Posey (1971 ) to occur around the base of a

drilling platform offshore of Padre Island, Texas. One type, called the

“bridge pier” type, is a cone-shaped hole localized in the sea bed around

individual piers of the structure. The second type, more extensive, is

similar in dimension to Norton Sound scour depressions; it appears as a broad

(5O m) shallow (2-3 m) depression eroding in a matter of mi~utes to hours

under the entire platform base.

Because disruption of natural flow of storm-derived currents over Yukon

sediment seems to set off widespread intense scour, it is apparent that, in

the areas of scour depressions delineated to this time (Fig. 2), any

artificial structure on the sea floor may trigger the same type of large-scale

scour around the disrupting structure (Palmer, 1970; Posey, 1971 ).
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Figure E-1 A. Location of high-resolution geophysical and side- scan
sonar tracklines.
B. Northern Bering Sea bathymetry in 4 m contour intervals
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Figure E-3 Side-scan scnograph examples of scour features. A and B are
examples PI individual depressions. C, D, and E show large scour zones.
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Figure E-4 Example of large scour zone (location keyed on Fig. 2) . B is an

expanded version of A. Arrows pdint to scarps defining scour
margins crossed by sonograph horizon line.

152



65’

64’

63{

Seward Peninsula

8w
- j’” ) ))  //l/m EXPLANATION

_ 4.04 Grain-size contour

100Km

1
166° 164° 162°

Figure E-5 Contour map of sediment-grain-size distribution in mean phi in
Norton Sound. Values represent first-moment cal culat ion at each
station. Sediment samples were taken on a 5 to 10 km grid
spacing.
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IX. NEEDS FOR FURTHER STUDY AND WORK IN PROGRESS

Projected studies include the use of an in situ flume to investigate the
interaction between bottom currents and sediment. Quantitative data obtained from
this type of investigation is crucial to a further understanding of erosion and
depostion hazards. More detailed information can be collected with the use of
in situ diver-operated sampling devices. Discreet sampling of geotechnical,  geo-
chemical, and sedimentological properties of the seafloor on targets such as
ice-gouges, scour depressions, and biogenic gas-craters is an important aspect of
hazards study that should be attempted.

A safer and more effective method of discreet seafloor sampling could be
achieved with the use of a submersible. SCUBA diving reconnaissance attempted
in 1978 proved to be hazardous due to conditions of high turbidity
and high current speeds. A submersible would enable greater manueverability,
longer bottom time and safer conditions for the sampler/observer.

The R/V KARLUK cruise, K1-78-Bs, obtained new data in Norton Sound. With
a draft of only one meter, the R/V KARLUK was able to sample areas that are too
shallow for our large research vessels. In the area of the Yukon Delta, 420 km
of side-scan sonar, 480 km of 7 & 200 kHz and 400 km of Uniboom were run. A total
of 22 vibracores and 6 grab samples were collected on three separate traverses
offshore of the delta. These data ‘will be analysed and integrated into the Final
Report at the end of 1979.

Data currently being analysed  include sediment grain size; organic carbon
percents, radiocarbon dates, paleontology and geotechnical properties. UTM pro-
jection base maps will be used to show the following data:

sediment

areas of

1. Geologic map showing physiographic  zones and distribution of surface
type (gravel, sand, silt, and clay).

2. Isopach of Holocene sediment and areas of filled channels indicating
potentially thixotropic sediment.

3. Maps of relative sediment stability: gas craters, thermogenic gas
seeps, areas of gas-charged sediment (thermogenic  and biogenic)  , and discussions
on geochemistry of gas-charged sediment.

4. Maps of intense bottom activity: scour depressions, mobile bedforms,
ice gouging, and storm sand layers.

5. Map showing surface

6. Generalized hazards

and subsurface faulting.

maps combining all data.

NOAA is planning the emplacement of year long current meters in the northern
Bering Sea starting in the 1979 field season. Data collected from these meters
will be integrated into our own data files.
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I. SUMMARY: OBJECTIVES, collusions AND IMPLICATIONS FOR OIL AND GAS
,!

DEVELOPMENTS

The objectives under the present study are to evaluate the extent

of seismic hazards posed by earthquakes in northern and western Alaska.

The consideration of all available seismic data for the Arctic region

shows that the earthquakes do not distribute randomly in space but tend

to concentrate along zones which were reactivated in the geologic past.

The modern seismicity  of the Canadian coast and its continuation

through Barter Island in northeast Alaska and then along the thrust zone

of the Brooks Range, has”been interpreted as an active regional intraplate

tectonic zone. The reactivation of this zone continues to the present.

In view of these observations, it is premature to assign an upper bound

for the magnitude ’of future earthquakes along this zone from a data base

of ten years or so. However, the trends in the available data appear to

be sufficient ’in attributing the areas lying north of the thrust zone of

the Brooks Range, including the Colville  Geosyncline and Alaskan Beaufort

Sea to the west of ’147°M as being predominantly aseismic.

The dense clustering of earthquakes around the Kobuk trench and

Porcupine fault indicates that these two structures are active. Thus,

linear structures, like pipelines, used for transportation of oil and

gas through the eastern part of Brooks Range and Chandalar  and Yukon

River basins should take into account the possibility  of ground dis-

locations, perhaps by a significant amount over a period of time, at

points of mapped fault crossings.

In the western part of Alaska, around the Seward Peninsula, analysis

of the data gathered to date indicates a higher level of seismicity  than

was recognized prior to this study. This phenomenon appears to be common
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to both offshore and onshore areas. A number of distinct seismic trends

could be identified which closely follow the mapped traces of geologic

structures. Most of these structures are faults.

The investigation of icequakes has continued. Despite unusually

warmer weather conditions during 1978, which resulted in a thin sheet of

sea ice formations, one swarm of icequakes was successfully recorded

during February of 1978 by the 3-component station at Kotzebue. The

analysis of these data is in progress.

II. INTRODUCTION

A. General Nature and Scope of Study

This report describes seismicity studies in the northern and

western parts of Alaska. The outline of the study area is shown by

heavy lines in Figure 1. The locations of the epicenters of earthquakes

shown this figure were compiled by Meyers (1976) from the Alaskan earthquake

catalog of the United States Geological Survey. The data represent the

time period from 1786 to 1974.

The spatial distribution of earthquakes in Figure 1 shows that the

active central Alaska seismic zone extends up to about 66”N. However,

an isolated zone of seismic activity is seen to occur around Barter

Island in the Beaufort Sea.

In the western part of Alaska, particularly west of 154”W, the

earthquakes are sparsely distributed with some concentration northwest

of a point lying near 66°N and 156”W. Further west, around Seward

Peninsula, all earthquakes in the Meyer catalog of magnitude equal

to and greater than 4.0 are shown in Figure 2. It is seen in this
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figure that during the past 30 years, a number of earthquakes of

magnitude greater than 5.0 occurred in this area, which indicates that

this part of Alaska is moderately active. The rest of the study area

shown in Figure 1 may be classified as an area of low seismicity.

However, it was the intent of the present study to more closely define

the characteristics of the seismicity  of northern and western Alaska by

the operation of carefully spaced seismographic networks.

B. Scientific Objectives

The specific objectives of the seismological studies for the study

areas are the following:

(i) To determine the spatial and temporal characteristics

of the seismicity,

(ii) To

and its relationship to mapped tectonic features.

determine the predominant failure mechanisms associated

with the earthquakes located along or near the known geological features

or trends.

( i i i ) To determine magnitudes, and if possible, recurrence rates

of strong earthquakes in the respective areas

as to possible activity in the future.

( iv) To determine the characterist

for use in projections

es of velocity spectra and

seismic energy attenuation as functions of epicentral distance.

(v) To synthesize results of studies under (i)-(iv) in order

to integrate the seismotectonic settings of the study areas with the

overall tectonic framework of Alaska.
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c. Relevance to Problems of Petroleum Development

It has been well established that hydrocarbons in commercial quantities

occur in onshore and offshore areas of the Beaufort Sea. Large scale

exploration programs for hydrocarbon concentrations, and their eventual

development in areas adjoining the proven reserves, are a certainty in

the near future. Consequently, the evaluat

for these areas is a loqical undertaking to

design of future construction projects.

on of the level of seismic”ty

assist in the planninq and

Similar development, planning, and construction in the potentially

oil-rich areas of the western Alaskan continental shelf is not as far

advanced as that along the northern coast of the state. Results obtained

thus far in this part of the state, however, indicate that the level

of seismicity is much higher than previously thought. To establish this

finding within desirable bounds of precision will require a data base

which can only be obtained by the operation of a localized, hiqh-

resolution seismographic network for a reasonable length of time.

III. CURRENT STATE OF KNOMLEDGE

A. Northern Alaska

As mentioned earlier, it appears

activity along the Beaufort Sea Coast

centrate in and around Barter Island.

from past data that seismic

(west of140°1d) tend to con-

Also, this active zone appeared

to be isolated from the rest of the central Alaskan active zones. However,

results obtained since the inception of the present study have shown

(Gedney, etal., 1977; Biswas, et al., 1977; Biswas and Gedney, 1978)
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that this zone iS actually on a northward extension of the central Alaskan

zone of shallow seismicity. Earthquakes in the latter zone, as shown by

Bhattacharya”and  Biswas (1979), are a direct consequence of lithospheric

plate ‘subduction. ‘This phenomenon results in normal and strike-slip’

faulting (Estes,’et al. ,”1978; Bhattacharya  and Biswas, 1979; Huang, 1979)

at’ earthquake foci in the depth interval of 0-60 km, and under-

thrusting at greater depth. It’is difficult, however, to invoke

this phenomenons” being the irmnediate  cause of earthquakes in

northeast arid western Alaska, both areas being more than 400 km distant
,.

from the Alaskan Subduction
,,

association mu’st be at work

regions which are generally

time. , ~ ; , ,

The largest earthquake

zone. It thus appears that a more indirect

relatinq the activity of the three seismic

contiguous in extent and contemporaneous in

reliably
,.

the past decade had ””a magnitude (ML)

recorded in northeast Alaska during

of 5.3 and was located about 30 km
.

north of Barter Island on the Beaufort Sea shelf:’ Since the emplacement
,,

of the local seismographic network, however, we have found that a qreat

many more earthquakes over a wider magnitude range occur here than earlier
,,

data ”have’reveal ed~ During-about a two and a half year recording period
,.

(January 1976 through AUgust 1978), locatable events ranged approximately

from ”l.’O to 4.0 iri magnitude, and many others occurred which were non-
,., ,.

locatable due to equipment outages or low magnitude.
.,: .,,,

B. Western Alaska

The largest earthquake to have

western Alaska’ occurred about 30 km
.. ::,.:.. . ,.,,.

been instrumentally documented in

inland from the northern coast of
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Norton Sound in 1950, and was of magnitude 6.5. Since then, recording

at stations remote from the area has failed to reveal any further

significant seismic activity. This is shown in Fiqure 2. However, the

present study with the localized network demonstrates clearly that the

area is still active, and points out a north-south distribution of

epicenters passing through the area of the 1950 earthquake. In addition,

earthquakes located during a two-year period (1977-78) spread widely

throughout the entire area, including both Norton and Kotzebue Sounds.

Most significantly, there are a number of instances where earthquake

clusters are found to lie along, or parallel to mapped faults or linear

structural trends. Earthquakes recorded during 1978 ranged in magnitude

froml.O to 4.5.

Iv. STUDY AREA, SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

Although the study area as shown in Figure 1 is relatively large,

the seismographic coverage used, particularly for the section east of

155°W, may be considered satisfactory. The locations of the stations

in this part of Alaska are shown by hollow triangles in Figure 3 and

their system gains (peak at period 0.2 see) are given in Table 1. Also,

in the same figure, the layout for a temporary network comprising five

stations around Prudhoe  Bay (Camden Basin) is shown by hollow circles.

The data from

these will be

waves through

this array will be recorded locally at Prudhoe Bay,

analyzed primarily to obtain attenuation factors of

the propagation medium.

and

seismic

The seismic attenuation properties of ground motions as a function

of epicentral distance are important parameters needed for design

engineering information. Because of the station layout (located mostly
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in metamorphic terrane) around Barter Island, the attenuation c“haracter-
:...

istics of sedimentary sections (features of immediate interest for-

OCSEAP studies) could not be provided from the available data.’”However,

it is anticipated that land-based measurements of attenuation values

to be obtained by the temporary network will. provide some”measures of

this important seismic parameter.
.-

The operation of the four-station array around BarterIsland

was discontinued in August, 1978, partly due to the high cost of data

telemetry. However, the operation of the Fort Yukon array has.been

continued with partial support (yearly field service of stations) from

OCSEAP. Earthquakes located by this array are helping to. refine the

seismotectonic  model of northern Alaska and will be utilized for the

attenuation studies around Camden Bay mentioned earlier.

The location of the seismographic stations around Norton and

Kotzebue Sounds are shown in Figure 4 and their system gains (peak

at period 0.2 see) are given in Table 2. With the exception of one

station at Kotzebue which is three-component, the rest of the stations

of this array are single-component (vertical) stations. In addition>,

to these, a new one-component (vertical) station has been installed.

at Pt. Barrow during the early part of March, 1979 in cooperation with

NOAA. The data from thiss tation is telemetered to the Geophysical

Institute at Fairbanks via a satellite circuit leased by the P&lmer

Alaska Tsunami Warning Center ofNOAA. The primary objective for the

operation of this station is to resolve the questions of possible low

level seismic activity in the western part of the Beaufort Sea’and ‘

Colville geosyncline, and in adjoining areas of Chukchi Sea.

From August. 1978 (stations serviced) to the present, the siqnal-

to-noise levels of the.seismic  signals of this network have’been
,.
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improved greatly, and the station outages could be reduced considerably

compared to 1977. However, one of the stations of the network at Granite

Mountain (GMA), operated by the Palmer Observatory of NOAA, had to be

closed around April 1978 due to the closure of the U.S. Air Force

facilities at this site. Through a mutual agreement, the NOAA observatory

has installed a one-component (vertical) station at our site at Anvil

Mountain (ANV) in the Nome area. This has allowed us to move and install

a new station at Candle (CDL} as a partial substitution for the station

at Granite Mountain (GMA). It should be mentioned that GMAwas the only

station which provided seismographic coverage on the eastern side of

the study area.

It can be seen in Figures 3 and 4 that the seismographic coverage

of the study area consists of land-based stations. Aside from the

obvious impracticality of employing ocean-bottom seismometers due to

high cost, there are other reasons for utilizing land-based seismographic

networks in what is largely meant to be an assessment of offshore

seismic hazards.

Crustal earthquakes commonly migrate with time along a fault or

fault system. This means that if a given section of an active fault

yields (resulting in an earthquake), then at a later time a somewhat

distant point of the same fault may yield to accumulated stresses.

This points to the necessity of providing seismographic coverage over

a relatively larger area. It may be noted, as discussed in later

sections, that the study area is predominantly characterized by crustal

earthquakes.

In addition to the factors mentioned above, local ground failures

along active faults and their trends, although they may appear as a
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localized phenomenon, are intimately related to the

tectonic setting. Thus, for appropriate assessment

for an area, it is imperative to integrate the area

tectonic picture. In view of this, the stations of

distributed on a near-regional scale, providing the

regional seismo-

of seismic hazards

into the regional

the networks were

capability to

locate earthquakes of magnitude as low as 1.0 occurring within the

area of interest.

Details of the stations, the equipment used at the field and

recording sites, and the mode of data telemetry to the Geophysical

Institute at Fairbanksare discussed in detail elsewhere (Biswas

etal., 1977) and will not be repeated here. However, it should be

mentioned that to avoid the ever-increasing cost (usually 90 percent of

the allocated budget) of leasing microwave circuits for data telemetry,

arrangements are in the final stages to begin recording data for the

western network at Nome on the Seward Peninsula.

v. RESULTS

A: Northern Alaska

The earthquake data compiled for this study consists of all locatable

earthquakes which occurred north of 66”N latitude in Alaska during

the ten-year period from January ”1968 to December 1978. The data

collected prior to 1968 were found incomplete and poorly representative

for this part of Alaska, due to a lack of seismographic coverage. Con-

sequently, these data were excluded for this study.

Data from two principal sources, namely, the northern and central

Alaska seismographic networks of the Geophysical Institute, and the regional
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seismographic network of Canada were used in the compilation mentioned

above. For the periods from 1968 to 1973 (both years inclusive), the

best available data are those collected by the Canadian network. This

information has been compiled from eight Canadian annual catalogs

(Stevens etal., 1976; Horneret al., 1974, 1975, and 1976; Bashman

etal., 1977a; Wetmiller,  1976 and 1977). Locations are numerical

solutions computed by a least-squares method utilizing a one-layer crustal

model 36 km in thickness, and hypocentral depths were constrained to

mid-layer (18 km). In some cases, the Canadians supplemented their

network data with central Alaskan data in the location process.

A majority of the earthquakes listed in Canadian catalogs for

northern Alaska fall in the magnitude range from 3.0 to 4.0. A qeneral

estimate of errors in location of the epicenters is on the order of + 100 km—

(Bashman, et al., 1977 b). It was also noted that the standard deviations

(o) of the travel time residuals generally run greater than 1.0 sec

(Biswas  and Gedney, 1978). These factors indicate the detection

threshold and location precision for earthquakes located in

northeast Alaska by the Canadian network.

During 1974 and 1975, routine data reduction procedures utilizing

the basic central Alaskan network located a number of earthquakes on the

southern edge of the study area. None were located north of 67”N. This,

plus the factors mentioned above, indicate the limitations of locating

earthquakes in northeast Alaska by the central Alaskan network or Canadian

network or a combination of both. These limitations are due to the

inherent network configuration and minimum station distances (~ 200 km)

from the source area.
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Since the installation of the Barter Island and Fort Yukon arrays

in late 1975, many earthquakes have been located in northeast Alaska.

The preliminary

Biswas et al. (“

earthquakes hav”
,.

latitude during

location details of these earthquakes were given by

977) and Biswas and Gedney (1978). Data for all

ng a greater than 1.5 sec and located north of 66”N

1974 and 1975 by the central Alaskan network, and

by the Barter Island and Fort Yukon arrays from January 1976 to December

1977, were rpscaled and relocated to prepare a final list, particularly

for the northeast area. This list is given in Table3. In this table,

the earthquakes located by the Barter Island network during 1978 prior

to the closure of this netwobk and nine earthquakes located during 1974

and 1975 by the Canadian network are also included.

All solutions in Table 3 are based on a weighted least squares

minimization technique. The details of the computer program are given

by Lee and Lahr (1975); the P-wave velocity structure used in the

location process is given elsewhere (Biswas et al., 1977). The symbols

NO, GAP, DMIN, RMS and ERH refer, respectively, to the number of station

readings used to locate each earthquake, largest azimuthal difference

between stations with respect to the epicenter, distance of the epicenter

from the nearest station, the root mean square of travel time residuals

(o), and the standard error in epicenter location.

In the initial computer runs, allfocal parameters were allowed to

vary. The results indicated that focal depths ranged between the surface

and about 20 km for 90 percent or more of the events. In subsequent

computer runs, focal depths were thus constrained to 10 km to eliminate

“: orie degree of freedom in the location problem.
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A plot of

period, includ

this plot, the

the epicenters of earthquakes compiled for the ten-year

ng those given in Table 3, is shown in Figure 5. In

earthquakes were not sorted according to magnitude.

However, it should be noted that their magnitudes range from about

0.5 to 5.3, with the strongest one (5.3) being located about 30 km

offshore of Barter Island in 1968, A significant number of events have

magnitudes between 4.0 to 5.0. Since the complete list of earthquakes

shown in Figure 5 is relatively long, it is not included in this report.

But the list is to be copied on magnetic tape in OCSEAP compatible format

for submission to the Data Center soon. The tectonic implications of the

seismicity patterns as seen in Figure 5 are discussed in later sections.

B. Western Alaska

This study area is relatively large and the seismographic coveraqe

attained so far for this section of Alaska is not satisfactory.

This limitation being understood, the location of all earthquakes

in this area during 1978 has been maintained up to date. Compared with

1977, more events could be recorded and located durinq 1978. The location

details of the locatable earthquakes occurring during 1978 are given

in Table 4. The symbols used for the heading of each column represent

the same quantities as in Table 3.

As was done for the northeast sector, the scaled data were initially

processed for free solutions (all focal parameters allowed to vary).

The results showed that hypocentral depths generally ranged between the

surface and 20 km, which implies that the seismicity  of the area is pre-

dominantly characterized by crustal earthquakes. Thus, in subsequent computer
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runs, we constrained the focal depths here, also, to 10 km. The velocity

structure used was also the same as that used for the northeast Alaska.

The resulting plot of epicenters is shown in Figure 6. In this plot,

the 1978 data were supplemented with those of the previous year (1977).

In Table 6, it can be seen that the values of IS are generally less than

1.0 sec. However, despite fixing the focal ”depths to 10 km, a number’

of earthquakes show significant uncertainties in locations. It is

anticipated that the errors associated with the locations of these

events can be reduced by resealing the raw data as has been done for the

northeast Alaska. This will be taken up in the near future for sub-

missions to the OCSEAP Data Center.

VI. DISCUSSION

A. Northern Alaska

(i) Spatial Characteristics of Seismicity

To relate the e“picentral locations of earthquakes determined in this

study to known tectonic elements, all earthquakes shown in Figure 5

are plotted on an overlay of structural trends (Figure 3, Grantz et al.,

1976) in northern Alaska. These are shown in Figure 7. The offshore

traces of these structures were mapped by the above authors usinq marine

geophysical methods.

Figure 3 of Grantz et al., was enlarged photographically by a

factor of about 10, and the

intervals. These data were

structural traces

then converted to
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linear scale as was used to plot the epicenters shown in Figure 7.

This figure should not be used to correlate individual earthquakes with

particular structures, since all locatable earthquakes occurring during

a ten-year period (1968-1978), regardless of the order of error in their

epicentral locations, have been retained in this figure. However, on a

regional scale it illustrates the relationships between the general trends

of seismicity  and structures.

It can be seen (Figure 7) that the earthquakes are not distributed

randomly in space, but tend to align approximately in a northeast-

southwest direction. Further south of 66”N (not shown in Figure 7),

this epicentral trend merges smoothly to that of the highly to moderately

active zones of central Alaska. Scattered activity extends generally

westward, except for a distinct linear cluster which trends NNN-SSE

immediately to the west of Kobuk trench. Although available structural

maps (geological) do not show any tectonic feature having the same

trend on or around this cluster, the seismic data appear to indicate

an active fault. Results of detailed study of this feature will be

reported elsewhere.

From Cape Lisburne to about 148”W, the available data indicate that

the northern limit of Alaskan seismicity is approximately marked by the

thrust zone of Brooks Range. Further east of 148°kl, this boundary turns

to the northeast, and is marked by the interface between Romanzoff

Mountain and Camden Basin.

In the offshore area, the active zone extends to about 20-30 km

north of Barter Island. It should be noted that the epicentral concentration

in this area is that resulting from a magnitude 5.3 earthquake in 1968
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and its aftershocks. This cluster aligns parallel to the axes of

anticlines and synclines  in a northeast-southwest direction. An attempt

to study the focal mechanism of this earthquake from short-period data

of the World Wide Standard Seismographic Network (WWSSN) was unsuccessful.

However, it is important to find the nature of the stress field in order

to be able to relate the seismicity  to regional tectonics. It is planned

to use long period data to resolve this problem. Until then, the

apparent causal relationship between folded structures and earthquakes

must remain a matter of conjecture.

Along the Romanzoff Mountains, the epicenters scatter considerably

with some lying on structura~l traces. The overall distribution is so

diffused that it is not possible with the available data to identify

which fault or faults are active at present. Further south, however, the

epicentral concentration increases notably, particularly along the Kobuk

trench and Porcupine fault, which appears to indicate that these two

structures are quite active at present.

along this clu’ster are in progress.

(ii) Relationships Between Se

In order to integrate the observed

Studies of focal mechanisms

smicity and Regional Tectonics

seismicity of northern Alaska

to the regional tectonic framework, a simultaneous consideration of

all known tectonic features of the Arctic region is imperative. T h i s

is beyond the scope of this report. However, we will refer to some

specific features of the Arctic region.

The composite of seismicity and tectonic features prepared by

Basham et al. (1977) for northern Canada is shown in Figure 8. In
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this figure, the approximate direction of principal stresses derived

by Hasegawa (1977), Leblame and Wetmiller (1974a) and Sykes and Sbar

(1974) are also shown. The trends of seismicity in Siberian Arctic

and around Greenland is shown in Figure 9. The epicentral plot of this

figure was compiled byTarr (1970) from data gathered by U.S. Geological

Survey (PDE) from 1961 to 1969. A comparison between this figure and

Figure 7 and 8 shows that the epicentral distribution of Figure 9

represents partially the nature of the seismicity in northern Alaska

and northern Canada. However, it illustrates well the trends of the

Nansen Ridge (also called Gakkel Ridge) and North Atlantic Ridges of

the polar region, besides others on the south.

On a global scale, earthquakes tend to concentrate along accreting

or converging plate boundaries (Le Pichon, et al., 1973) due to the

relative motions between the plates. In addition to these, within a

number of continental blocks (for example, northern and western Alaska,

northern Canada, to name a few), frequently earthquakes of all magnitudes

(large and small ) are located in areas remote from the nearest plate

boundaries. Sykes (1978) studied on a worldwide scale the relationships

between these intraplate earthquakes and preexisting zones of weakness,

namely, faults, organic belts and alkaline volcanism in the context of

plate tectonics. One of his observations of special significance for

the present study is that intraplate  seismicity tends to concentrate

either near the ends of major oceanic transform faults along pre-existing

zones of deformation or a“

He also observed that the

parallel or transverse to

ong faults of old fold belts within the continents.

pre-existing faults generally trend either

modern continental margins.
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In the Arctic region, from seismicity studies (Heezen and Ewing,

1961; Sykes, 1965, 1967; Tarr, 1970) the Nansen Ridge has been identified as

the modern accreting  plate boundary. Its inland expression through the

eastern

etal.,

though ,

respect

part of Siberia as inferred by others (Sykes, 1965; Le Pichon,

1973) is shown by broken line A B C in Figure 9. This trend,

may not have any immediate relevance due to its remoteness with .

to the study area, it is shown in Figure 9 for the sake of

completeness.

In the north, near the northeast corner of Greenland, the Nansen

Ridge joins the North Atlantic Ridge by an offset section, Iabelled

DE in Figure 9. This well-defined ridge system marks the boundary

between the well known Eurasian plate on the west and the American

plate on the east.

Along the offset section DE, the current directions of principal

stresses are not known, due to a lack of focal mechanism studies. However,

if we extend DE along its trend in the southwest direction, it approximately

follows the 1000-2000 m isobath of the Canadian shelf and intersects the

continental margin near 70”N and 140°bl. From this point, two well defined

seismic zones extend inland. Both of these zones trend transversely to

the continental margin. One follows the highly faulted zone alonq Peel

River (Figure 8) in Yukon Territory of Canada and the other along

Romanzoff Mountains (Figure 7) in northeast Alaska. Further south,

this latter zone turns westward and follows the thrust zone of Brooks

Range, approximately, paralleling NE continental margin of

The trend of the seismicity  along the Canadian Arctic

closely follows the southwest extension of DE (Figure 9).
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the level of seismicity  along this trend is not uniform (note the

sparseness of earthquakes on the immediate north of Prince Patrick uplift),

it is difficult to construa that the very presence of modern seismic

activity over such a long trend is due to yielding of unhealed faults,

primarily, under stress fields of localized origin and extent as implied

by Hasegawa (1977). It rather appears to represent continued reactivation

of a zone of regional significance. This is particularly evident when

the north Alaskan seismic trends are viewed along with those of northern

coast of Canada. Also, this trend of seismicity  mostly parallels the

continental margins, a common feature noted by Sykes (1978) for a number

of other

The

the Arct

extended

intraplate  zones.

model (Figure 10) of Herron et al. (1974) for the evolution of

c region requires right lateral strike-slip motion over an

zone along the Prince Patrick Uplift-Richardson Mountain area

dating from 81 my. to 63 my. age for convergence along the Alpha Cordillera.

This zone closely follows the current seismic zone. Combining this

observation with those of Sykes (1978) as mentioned earlier, lends

credence to the above inference. That is, there exists a major tectonic

boundary along the Arctic coast of Canada, and the northeastern expression

of this zone may be linked to the offset section DE (Figure 9) between

North Atlantic and Nansen Ridges. The westward continuation of the

inferred zone may be linked to the thrust zone of Brooks Range which

passed through extensive compressional deformations (Taillure,  1973;

Pittman and Talwani, 1972) in the geologic past.
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The directions of principal stresses in Sverdrup Basin (Figure 9)

as derived by Hasegawa (1977) result in right-lateral motions on a

northeast-southwest oriented steeply dipping planes. He also found

appreciable deep-slip motions along the same fault zone. In any case,

these results should not be considered as supporting evidence for those

inferred by Herron, et al. (1974). This is because the model of the

latter authors corresponds to a geologic epoch when convergence along

the Alpha-Mendeleyev Ridge was shown to be a dominant tectonic process

as opposed to the spreading at present.

To the west along the McKenzie Valley, two available solutions of

principal stress directions are those given by Sykes and Sbar (1974) and

Lablanc and Wetmiller (1974a) as mentioned earlier. The solution of the

former authors shows compression oriented in the northwest-southeast

direction while the latter authors show tension in that direction. It

is anticipated that the solution for the earthquake of magnitude 5.3

around Barter Island will resolve the discrepancies noted above. ‘Also,

in the absence of focal mechanism studies, the orientation of the stress

field along the thrust belt of Brooks Range remains an unreso” ved problem at

this stage.

B. Western Alaska

In order to relate observed trends in seismicity to tectonic features,

the epicenters of all earthquakes shown in Figure 6 are plotted on an

overlay of known structural traces in Figure 11. For the offshore areas

in Norton and Kotzebue Sounds, the structures mapped by Johnson and

Holmes (1977) and Grantz and Eittreim (1979), respectively, were digitized
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at close intervals. Similarly, for the Seward Peninsula, the structural

traces compiled by Hudson (1977) were digitized. These data were then

converted to the same projection and linear scale as was used to plot

the epicenters in Figure 11.

Despite considerable scatter in the distribution of earthquakes as

seen in Figure 11, a number of distinct trends could be discerned. The

inland trace of Kaltag fault, a major tectonic element of the area, appears

to traverse through the clusters labelled  A. Offshore in Norton Sound,

the earthquakes align along a trend (BB) which appears to be 10-20 km

off (in northwest direction) the inferred trace of Kaltag fault. However,

along the trend BB, a number of faults have been mapped by Johnson and

Holmes (1977) from marine geophysical data.

The seismic trend CC in Norton Sound appears to follow closely a

series of mapped faults and ridge axes identified by Johnson and Holmes

(1977). These authors also mapped a number of offshore faults trending

east-west from Port Clarence where earthquakes also tend to cluster

(DD) in the same direction.

In Kotzebue Sound, it is interesting to note that the results of

marine geophysical surveys (Grantz and Eittreim, 1979) do not show any

faults. On the other hand, three trends (EE, FF, GG) emerge from the

earthquake data. The difference between the marine data and earthquake

data need to be resolved from further studies.

Inland in Seward Peninsula, the clustering of earthquakes and mapped

fault traces is quite significant. For instance, the cluster HH follows

closely a well defined fault system, and traverses the epicenter of the

1950 (ML = 6.5) earthquake. Also, this zone is characterized by extensive
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felsic intrusive activityin the geologic past. According to the

observations of Sykes (1978) for the trends of intraplate seismicity as

referenced earlier, the zone HH with its transverse trend with respect

to the continental margin and associated volcanics

it as an onshore expression of a major weak zone.

of this zone continues to the present as indicated

About 100-150 km to the west of the trend HH,

trend (II) in seismicity is seen to follow closely

lead us to interpret

The reactivation

by the modern seismicity.

a second onshore

the mapped en echelon

type of fault system. Similar clustering of earthquakes and fault traces

appear on the immediate east and northeast of Port Clarence. The

implications of these onshore trends of modern activity from the offshore

areas of Norton Sound remained unresolved from the vailable data.

VII. CONCLUSION

A. Northern

(i) The

Alaska

available seismic data in conjunction with Sykes’ (1978)

observations regarding the intraplate activities in other parts of the

world lend support to the postulation of a major tectonic zone along

the Arctic coast of Canada. Its northeast continuation can be tentatively

linked to the offset section between the Nansen and North Atlantic Ridges.

The westward continuation of this zone can be linked to the thrust zone

of Brooks Range.

(ii) The modern orientation of the stress field, particularly

around Sverdrup Basin in northern Canada, results in ground failures

along northeast-southwest oriented planes. This feature closely follows

the direction of the tectonic zone inferred above.
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(iii) In the absence of focal mechanism solutions, the true

orientation of the stress field in northeast Alaska and along the Brooks

Range remains a matter of conjecture. However, if the current tectonics

of the Arctic Coast of Alaska are predominantly controlled by the spreadinq

along the Nansen Ridge, it would orient the principal stresses (compression)

in the northwest-southeast and north-south directions along Romanzoff

Mountain in northeast Alaska, and along a large part of Brooks Range,

respectively. This would also demand a zone of transition where the

predominant”

coast would

(

y strike-slip and normal faulting motions of the Canadian

change to thrust type of motions along the Alaskan coast.

v) Although the reactivated intraplate zones of weakness

are seismically less active than plate boundaries, there is no known

physical basis to justify that the magnitude of the largest expected

earthquake along major intraplate zones is limited by the strongest

earthquake instrumentally located during the past few decades. For

instance, Biswas and Gedney (1978) proposed from the local trend in

seismicity an upper magnitude bound of about 6.0 for the Beaufort Sea

coast of northeast Alaska from ten years’ of past data. From the present

regional considerations, the size of the strongest expected earthquake

in this area may be considered as an open question.

(v) From the available data, it may be concluded that the areas

from the Brooks Range further north along the Beaufort Sea coast in

Alaska are predominantly aseismic, excepting the coastal area east of

about 147”W.
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B. Western Alaska

(i) In this part of Alaska, analysis of data gathered from

the local seismographic network indicates a higher level of seismicity

than was recognized prior to this study. The area may be class”

as moderately active.

mentally

about 30

followed

(ii) Within the last 27 years, the Iargest earthquake

fied

instru-

recorded in the study area was of magnitude 6.5; it was located

km inland from

by earthquakes

and 5.2 (1966), located

Clrence, Norton Bay-and

themorthern boundary of Norton Sound. This was

of magnitudes 6.0 (1964), 6.0 and 5.8 (1965),

about 60 km, 40 km and 15 km inland from Port

Hotham Inlet (Kotzebue Sound), respectively.

Since the areas around the epicenters of these earthquakes are thinly

populated, their seismic impact passed largely undocumented.

( i.i i ) The 1 ocal network recorded a larae number of earthquakes

in the magnitude range of 1.0 ~ML :4.5 during a period of slightly

The epicenters of these earthquakes aremore than 12 months (1978).

found to be distributed on and around the offshore and onshore traces

of mapped faults. An epicentral concentration is found to extend in

the north-south direction along a fault system about 150 km east of

Cape Nome. A diffused distribution of epicenters are seen in Norton

and Kotzebue Sounds with some scatter around the 1966 earthquake to the

immediate west,of Hotham Inlet.

(iv) No attempt has been made

interpret the tectonic significance and

posed by the features mentioned above.

at this staQe of our study to

the associated seismic hazards

However, it should be pointed out

\
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that, compared to the areal extent of the study area, the seismographic

coverage attained to date is insufficient to delineate the details of

the features mentioned above.

VIII. SUMMARY: FOURTH QUARTER OPERATIONS

A. Task Objectives

(i) To instal 1 5-station short-period one-component (vertical )

seismographic network around Prudhoe Bay for attenuation studies.

(ii ) To instal 1 recording system at Nome for recording data

from the western Alaska seismographic network.

( iii) To continue sealing and processing of daily recorded

data.

B. Field and Laboratory Activities

(i) The seismometers and associated electronics for the

Prudhoe Bay network were tested and assembled for deployment to the

field sites.

(ii ) For recording data of the above network at Prudhoe Bay

on magnetic tape, the recorder, time code generator and WWV radio

receiver were tested and assembled for shipment to the recording site.

(ii i) Identical recording equipment for recording data at

Nome for the western network have been assembled. The installation of

this system at Nome has been delayed due to shortage of personnel.

However, it is planned to install and start recording at Nome during

May 1979.
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(iv) One swarm of icequake has been recorded during February

1979. The scaling of

progressing smoothly.

c. Results

None.

D. Preliminary

data for these events includ ng earthquakes are

Interpretation

None.

E. Problem Encountered

None.

F . Estimate of Funds Expended

$120;000.
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-TABLE 1

. .:
. . ...’ ,.. .

System
.: Magnification,

Station “’ (!d.2 see)
.. 4,...”.

~ ~,x”.106: ,,, . ,
2*0 ~’106j:-

2“0 ~: 106.

. 1 . 5  X ’ 1 06  ‘

,. ’-
‘BI1 “’‘
!312 ~~
B13

B14

FYI- ,

F Y 2

FY3

FY4

...

9.2 ‘X io5’ (T = “0.33 see)
6.0 X 106

FY5

FYU

.,

-,

. . .

,.
,,

. . .



TABLE 2

Sys tern
Magnification-

Station (0.2 see)

TNA 2.4 X 105

ANV 2.6 X 106

UNL (= NRA} 2.7 X 106

CDL 3.3 x io6

DMA 1.3 x 106

HA {Z) 1.1 x 106

KTA (N-S) 3.4 x 105

KTA (E-W) 2.4 X 105

191



TABLE 3

Date LX3pigin Lat(N)
56 iOi~
63 5100
66 23.4
79.25.2
66-21.73
6A-32.23
66-56.64
66-12.41
:: 53.4- 7.66
67-15.8.2

69-16.09
67*L7.99
66- 5*36
67- 2.46
-$

“2$-] :+$
66- 4*63
66- 5*46
66- 8.57
66- 3*95~6_46,5~
66-25*82
67-~4073
66- 1.39
66-21.00
6’6-39.23
66-15.29
69 37.869-37..53
.69 4.2*6
~: g$~7
69- 2*OO
66-&609366. 5.~z
68 5?.6
66- 7091
$$9

66- 4*7
66- 24
66- 1* 5
66-67,82
68-24*76
:~:s~:~~
66-56.39
66- 3.08
67-21.03
:$:!::tg
66-4 .46

$6?-2 .83
67-54.74
::: 3:?:
67- 2.50
67- ?.’09
67-19”.28
67-11.04
66- 79 4

?:5:3::5~
69-37.87
69-42.56
69- 8.45
66- 5,43

i
:::4:::!
22:#:::?

i
$6- O*O7
58- 4.76
69- 4*10
66-53.51
66-5&.89
68-4O*1O
66-25.49
67-17.26
66-34; 6

t69-36s O
69-27.84
:::24:$:
69-27.41
69-24.49
69-15.09
67- i3*05
69- 8.83
69-36.42
69-37.65
69-15.61
6?-21.36
47-20.06
:$:2’::;:

Long(bl)

‘\M$ p:

142 24,6
{2?-~g::8
1+S-16s45
l&90 2.44
147-33*3i
145 27*6
148-18.46
~::-l’~::g
lA9~lzc62
l&8’-54*2l

~;:3~:~
147-.16.75
147-25.72
I&4- 8..48
148-28*44
L44-59.75’
LG60130 6

3148- 60 1
145-2$o02
145-42.75
147-45.57
IL.? 5 .0
lA2-4+035
142 3906
143-55.94
143 13.8
142 32.4
~:f:;j;~j

145 09.0
l&2-44*68

l:Ei!:!J
145-51.s1
149-24.6
149- 809 4
149- 2.38
I&S- 8009

4
147- 7.90
147- 0-58
145-56.05
147-36s45
148-23.98
145- 2*73
147-53.34
146-15s35

!!
147- 6.66
148- 1.00
l&2-27.21
144-39>71
149-14.54
1~6-55.03
144-31-25
147-17054
147-13.60
145- 3.76
l&5-48.31
147-35.31
14.7- 4.49
143-38.+4
;:~::::~~
144:42,78
145-20s79
144-47.59
136-2?.08
136-29.22
164-16.63
146-57.32
147-54.30
1~6-52,64
143-42,23
l~6030.a9
164-57.50
143-46.57
143-48.08
144-50.50
14- 6.77

i
144- 4018
1.44- 1*2$,
~~~:;~;~~

144-28.74
149-L13.94
1G6-43.13
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TABLE 3 (Cent’d)

Date
760b16
76062L
760523
760623
760626
760626
;:::;:
750722
760728
760728
760s302
760309

%:;;;
760323
760/?26
750P2g
750906
7609L6
760917
760923
7s0930
:~~wj~
761Q30
751039
741105
7$1125
%$:$
751222
761223
761226
76122.7
761228
7+L230
770103
pm;
77!3109
77c)ILC
770110770~LL
;;::::
770127
770203
?7Q208
770210
;;:lm:
7703137?032b
779406
770422
770624
77942+
j;~;y

+
77051
77051 $
770518
:;::6;
77f)60?
77!3607
770618
;;::$;

77ti625
7-0701
77Q7Q3
770707
770709
710709
775712
770712
m#$
77072q
770729
77072g
77080277(3F04
770806
770~07
770825
779Q25
770826

Origin
17?7
a37

1156
16 2
~::~
212
013
1940
;5;
720

14G6
1672
1$3:
313

1916
2?6

2L?3
Ioke
2245
1977

1;?4
1613
14 2
1:32

25.11
35.al
3;:2;
39*57
2?.21
4;::;
6.2141.48
0.40
2;46

z~.oq
35.7f)
46.87
6.46

4ci,8q
2;:!:
15.97

3W:
45.60
26.51
4.14

37.48
59.7;
5;:8?
43.9q
170.1?
11.25

y:
256
0 0
6&3

13 6
430
43L
1077
1141
1917
20 9
957
L419
a39

1278
270
774

2i5i
M

20782513
1 y;

7 2
130
17a

12 :
1;2:

~:5f

13’43
1573
1117
17 4
1271
2272
fy:
754
359

1975
318
3?5

1522
432
777
15~8
1553
16 2
1150
053

12 2
ta5i
22?3
1072

(

(
(

I

Lat(N) Long(M)
56-26.11
59-42.65
59-42.4%
56-54.89
56-35.35
56-22.64
56- 2-33
57- 8.17
57-22.26
59-35.30
59-34989
58-20.47
59-46.54
5’?-45.32
58-43.01
$5-2~.a~
59-43.72
58-LO.85
59-47.88
56-54.56
59-34.Q6
58-10*8O
59-10.72
57-47.53
59-13.72
59-17.03
5%35.34
59- 8.14
59_i6a04
58-37.69
56-32.82
59-30-65
57-12.38
68-55.16
45-52.55
6b-25.22
fj9-40.511
68-55.59
56-54.79
66-56.83
69-L9.ao
66-29.29~~-55,42
69- 9.S1
56-21..41
6%34.74
69- 9.10
69-30.66
59-10*QO
6~-11.~3
69-59.4656-47.18
67-11oO5
69-13.94~?-lg.~fl
6S- lo9a
57-55.32
56-37.81
56-43.14
66-20.65
66-42.10
67-47.32
67-2h~;
’57-68-A6.14
56-25.65
67-26.156
57- 0.41
66-26.7a
66-35.46
57-18.30
67-22.99
67-39.67~7-2n.56
66-L5.80
56-2~.5L
66-34.31
%6- 8.33
66- 9.93
56-1!3017
66-33.3a
67-24.77
68- 8.13
57- 6*Z6
57- 6.30
67-53.91
66- 1.68
59-20.05
66-i5.98
6?- 1.21
67-15.30
66-31004

IG8-43.68
l&2-4z.05
142-45.39
136-29.73
146- 3.94
166-20.50
l&7-59.20
143-1S.17
143-39.39
144-22.36
144- 3.09

4167- L.23
144-11.75
144-11.35
l&7-16.01
147-24.63
143-4+.87
143-10.75
l&5-46.a5
l&3-~2.30
162-18.86
145-50.13
143-54.48
145-26.23
1’43-49.41
164-32.34
145-11.51
164-11.al
l&5-2b.68
148- 4.33
168-36.57
145- 9.C2
1.45- (!,61
146-14.38
143-13.44
147-13.99
1~4-33.38
LW5-25.21
lL5-49.04
145-49.70
1~2-53.27
144-3Q.03
145-47.28
143-34.80
144-53.34
164-20.70
l&3-~@.02
LL4-41.00
::2:52:;;
l&A-44.06
l&8-33.68
~~~-36.51
164~2::~$
167-27.63
1A8-16.52
L48- 1.83
1~5-11.69
1?7-.2c.O8
1~5-33.f+2
148-34.05
150- 1,94146-54.79
162-17.18
147-16.01
149-36.51
146-58.16
152-36.31
147-21.69
142-49.21
l&2-55.04
147- 4.13
LL9-18.36
176-3s.15
~48-4a.50
147-24.01
148-43.08
149-26.48
149-30.39
1L7- 9.00
149-54.57
145-19.64
165-56.29
145-57.90
144-21.51
168-25.55
142-25.75
lb9-49.64
L66-31.61
147-45.58
L48-l@.25

Depth Maa

2.85
2,53
2.75
3.32
3*65
3.05
3.26
1096
2.20
1.54
1.72
;:;;
1.25
3*73
::::
2.35
1.54
3.32
2. 2

;2. 0
2.45
3.65
1*77
2*22
::?:
2-08
2.78
3.48
Z*O5
2.70
2.50
2.27
2.71
1.21
2.61
1.a5
2.08
2.4~
2.35
2.37
$:::
2.53
2.00
::8:
2.40
2.08
2.81
3*5O
::s:
2.53
3.39
;:::
3.57
2.22
2.07
2.352.46
2.36
~:::
2.95
j;~~
2.48
1.26
3*75
2. 4

i
3:7i
2.92
2.37
2.09
2.70
2 . 3 7
2.74
1.50
2.83
2.69
2.94
2.34
2.41

:::!

NoGapDmin RMS ERH

5
6
5
5
4
6
3
$
:
5
5
4
5
3
2
4
6
5
5
3
5
5
5
:
6
6
4
2
6
;
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TABLE .3 (Cent’d)

Date Origin Lat(N) Long(W) Depth Maq NoGapDmin RMS ERH

770!328
770029
773s31
770903
770?06
370911?
?70913
770916
773915
770919
770919
770919
771005
771OIJ7
JJ:$m;

771009
7710 3

$7713 5
7Y103O

%%
771104
771105
771106
77LI06
771109
771109
;;u~g
VI) ;

i
771203
771205
771210
771213
7?1215
77121~

%$;;
771226
771226
771227
771231
780103
780105
7R0111
780111
7qo121
780125
780125

%%:2
780222
78022+
;::$$:
7R0301
71?0312
7t!0317
$:::$:
780329
7804067~0406
7e0413
$::$$;
790421
7.?0422
7Flo&z9

%:2:8
7e~43(y
780502
7R0507

56-32.52
48-3~:~~
56-
66-53s36
67-20.71
67-22*2O
67-15.24
69-22.06
:::3;:$5
66-57.9 4

i
67- 4945
56- 2.81
67-32.90
56-19.82
:::5::;;
67-48091
69-17.71
68- 6*38
67-32-63
66-29.83
67-24.42
66-19.43
:$-g:::;-
66-30.74

.?
::::::~

2:- $:0$
::5$6:):
6 6 - 4 2 . 4 0
6S- 4.13
69-38.47
56- 2,89
67-21.61
66-53,43
66- 5*59
69-34.24
66-20.03
66; 7*45
66-42.55
59-20.00
63- 6.09
:J-$::::
66-20.19
69-18*55
60-18.88
58-53.17
69- 6GL9
68-38.52
64-46s32
68- 9.72
“67-21692
66-20.25
69-16.23
67-= 2.65
66-33.24
::-;;:4:
68~48.4a
66-46.h2
69- 9.16
66-32*4a
69-15.46
69- 5*79
.68-52.60
:;-:;:&;
69- 9.68
6q-3’5eep
:;-~;:;:

1927 4?.91
1939 13.74
1051 41.76
2073 43.86
12 5 z::~y1353
12?0 37*71
1347 ::::
121s
21 841fi.41
12 3 59.78

69- 9.36
b9- 0.90
59-22.77
69-1o.11
50-14.13
b9-2S.123
6~-49.01
6S-49.12
b9-53.12
68- 9.09
69-22.23

~&4-4!3.44
144-48.a6
LAS-21.76
144-59.77
146- 8.93
143-54.19
164==10.54
l&4-25.96
L&5-53.24
159-56.93
144-14.36

j :-:-:-:: 1.98 4 136 51.0 0.26

10.OO*
‘“aa I /1]%! W ‘39.010.OO* i:%

10.OO* 3011 10 15 44.5 0.66
7 166 21.7 0.95 2i:i!I:Cp; $:;;
8 160 86.2 0094 11.6

~:::dl~ 3.15 9 129 9100 0091 5*O
2*1O 4 252 29.2 0.03

10*OO* 4.06 12 302475.3 5..77203.9
10.OO* 2,7? 7 L30 5 2 . 3  2.72 1 6 . 5
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TABLE 4

i3ATE QR~~~N L?IT (N) ,-g~l~  (1.J)
7@31~l 51,9 29.52 .64-19.99 1$3-35.41
790101 5?3 ~?.c? 46-22*Q5  143-74.13
790101 !549 =50,94 67-27.55 ?&i-qT,*(j
79~lo~ 1 9 55,03 6.5-24.99 :5,3-57.45
?90102  105~ 38.73 55-50.0? !.64-3@,57
?30106 1QT5 41.10 55-15,39 145-22.30
790106 Y?4!3 25. 1s 65-14.50  1+6-s7.95
?s!0106 22 7 37.17 54-14,24 153-32.4&
790108 13 Q bI .26 44-35+24  i5a-34.42
780109 17~s ~+74 &b-z2.#b 157-23,04
?90111 t W 5.9A .54-50+g7 143-43.Q2
?90112 s~n 39,43 4!3-!5.55 164-2*..4O
780112 ll?- 22.54 65-16.11 154-23.4?
780112 ilto 4?.57 45- 1+!)8 164- 5.18
790114 44!5 I~,9Q 45-i~,09  i6+--4~,6~
79011s 719 2.37 44-20.79 i&5-~~,3(3
790117 2S4~ 40.71 b-5-50.89 143-44.19
?9011~ ~z~ 13.zI 51-22,38 158-3i?*~l
700119 2027 36.20 4.4-14.3s 1$1-4?.94
7s0121 2249 34.74 66-14,s5 157-2~.51
790122 154& 30*2? 46-34.13 162- 7.42
78~~~3 7z.5 36,15 64-31,02  164-!54.82
780123 1338 55.24 63-5J4.41  164-16.12
78012S 527 30.35 54-43.S9 145-59.71
790128 1941 25.30 53-22.64 165’-49.73
7s0130 072 ~5,4Q 45-.57,94 16s- ~~?~
7q(3~30 4~~  ~(j,el 54-34.0% 14.5-31+29
780131 0 1 37,40 5?-34.51 162-45.89
?90131 7?7 51.58 65-1S.9?  l&4- 4,64
780L31 t423 1?,18 6%22,27 144-20,67
?80131 1.54~ 48.14 45-22.46 1!+% ?+59
790131 17 0 21,7f3 56-13.39 162-51,70
7!30201 ZTQ 51 ,95 64-57.52 162-3t.G2
?S0201 223° 49.~1 64-21,13 152-41.68
700202 522 19.60 63- 4.83 157-54.20

939 12.91 54-71.04 163-40+777wmo4 - -
780204 1S32 27.01 4.3-50.15 162-53.3&
?80207 21q? 31,06 .56-3Q.40  161-14.43
79020~ 1439 23.25 64-38.51 152-’53.31
?80209 1810 13.44 63-23.15 1.42-58.31
780209 22 5 12,94 6S- 8.67 162-17,87
790210 1428 35.71 64-16.!59  152-41.W
790213 1719 44.74 &3-34..49 1.4s-32.00
78021s 1740 4,2? 46-27.96 143-5L!.B9
790~~5 750 44.23 64-s9.44 170-3.4.39
7~0219 1.340 5?.93 64-36.64 172-4! .10
?80224 17s0 37.12 4s-34.11 1’43-19.52
?~~.y~ ~~~j 4.0.5 4s-37.t9 1.63-47.69
7902z~ 215? d2,58 65-’52,19 156-3!.59
?90220 951 31.40 6S-55.23 15.5-1?.94
?9022% t623 9,24 54-5~*73 1?4- 9,!4
790228 !.42S 37+31 &4-4~.54 155-46.39
790303 Q 7 6.?3 6b- 4.69 15?-43.7S
?9f)303 1156 38,86 60-.52.58 165-43.7?
75#304 557 4.44 4!5- 9.37 143-13.95
?9030!5 144? 22.91 .46- 3.82 172-?9.47
7s030.5 1411 7,91 44-S1,0S 169-27.49
?eo307 511 43.05 66-22,44 lh3-34.51
?90308 L327 58.?0 46-’51.S7  162-15+46
790308 1424 2S.34 46-42.03 1.42- 9.15
790310 720 30.1? 63-38,09 164-27.01
780310 152? 23.54 45-41..00 146-!57.53
790310 15?0 58.W 63-4E!.45 :48-53.22
790310 1!332 22,50 6S-37.09 l&6-3-1,59
780310 2159 35.8? 55-40.31 163- 9,37
790311 1437 22,98 56-31.53 141- 3.51
7503~5 ?YI 37.85 53-5.4.00 143-11.?2
790317 21 3 ?5.’?1 .55- ?,2g 166-42.S6
79031s 13H 57.42 5.$-44.90 165-3S,43
?90319 1554 tl,l~ 64-33,73 154- 3.s4
73Q3~9 5Ao ~O,Qe .55-5.5,18  157-17+?9
733319 ~q-l=j ~g.?~ ~~- 5.35 ~’54- ~.~~
79031? 2122 ?.5+13 5?- 3.44 154- 2.4P
790320 4!0 1?.42 ~~-A~.9~ ~77-?7.~~
790320 14 3 57.16 55- Q,91 154- l.a~
?qo3~9 1?43 1?.10 44-a4.41 1??- 4.19

~~DTH
Ic),oc)?r
~,~ ,p~*
*.9,C9*
*.O.,10*
lQ.CO*
10.OO*
10.00*
10.OO*
10.OO*
10.OO*
10.4O*
10+OD*
10.9O*
10*00*
10*OOW
10.OO*
IO*OOP
io.oo*
10.OO*
10*OO*
10.OO*
10.OO*
10.00*
10.09$
10.QO*
10.00%
10.00$
1,0, 00*
19+0(?8
10+QO*
10.00%
10.OO*
10.OO*
10.OO*
10*OO*
10.OO*
10.OO*
10.OO*
10+OO*
10.OO*
!O.00*
10,00*
10.OO*
10.OO*
10+00*
10.OO*
10.O9*
10+00*
10.00*
10.OO*
10.OO*
10.OO*
10.OO*
10.OO*
10.OO*
io.oo*
10.OO*
10.00*
10*OO*
lo.oo~
10.00%
10,00*
io.oo*
10.9O*
10,00%
19.00W
lQ.00*
10.OO*
!0,00*
!O+09*
IO,OQ*
10.9Q*
1,1.00*
I’3.09*
!O.QO*
10 ,oo*

1.94
1.33
~,~Q

1.11
1.93
1.31
2.48
l,~s
1,92
2.06
1.12
1.8S
1.65
!2.39
1+07
~,70
1.77
1.33
~,9~
3*3j
1.65
1.49
2.52
3.60
3.56
2.31
4.20

1.19
2.72

u~ Gftlp  DHIN RRS ERH
4  129 4 1 . 9  7/.62
4 149 28.5 3.3?
4 302161.2 1,5?
4 161 30.5 3.36
4 2C?4145.I 1.03
4 144 7’9,s 7.?7
3 267106.S 1.46
3 198 ?5,1 0.01
3 284122.1 0.00
5 178170,2 0.75 16,4
3 238 4Q.1 0.01
3 231 91.4 0.06
3 233 $’1.5 0.0%
4 140 79,6 0.?9
4 110 37.!) 0.14
3 302 23.s 1.90
3 239 49.3 0.01
z 715273.7  2.25
3 161 75.0 0.00
6 170172.1 0.31 4.0
4 196 38.6 0.17
4 174 22.4 0,06
3 231 87.3 0.01
4 258 24.6 0.38
6 201133.7 0.30 4.1
3 283 45,4 0.3?
4 26& 7.3 1.!55
4 124 72.8 0.40
4 136 9?.8 0.70
4 147102*6 0.12
3 189 91.3 0.OO

3 138 71.6 0.00
3 111 80.3 0.20 Z*7
3 1.44118.1 O*OO
3 163160.1 0.00
4 159 81.4 0.25
3 271 17+4 0.71
3 248 65.1 0,26
3 140117.5 0.00
3 253134.4 0.17
4 97 39.0 0.30
4 177!114.9 0.96
3 287250.7 0.10
3 177 30.3 0.02
4 319253.5 0,96
4 331350.3 1.60
3 228 98.2 0.39
4 226 96.S 0.19
5 258103.3  1.08 46*3
3 186121.6 0.00
4 331420.s 1.45
4 234 33.S 0.S6
6 186 59.3 1.76102.t
A 324411.0 2.39
4 189 66.8 0.39
3 329360.1 0.7S
4 213138.0 0.06
3 ~3a 43.0 0.00
3 228 29.2 0.01
4 223 32.0 0.61
6 1891LS.7 0+47 7.5
5 199131.1 2.37 la*6
4 297205.3 1.81
3 25411’?.s  1.17
3 210 94*7 0,00
3 ?.72 66.6 0.9S
A 211126.7  0.31
3 ?42 91.0 0.23
~ ~~3 ~3.& 1.24 &o.9
3 208 33.9 0.36
A ~73~~9,&  ~,~7
5 124 96.6 0.86 1:.4
4 122 B4.O 0.76
4 Z431Z%.3 0.03
5 120 91.2 1.05 33*2
4 ?31367.8 1.00
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TABLE 4 (Cent’d)

D a t e Origin Lat(N) Long(W) Depth Mag NoGapDmin RMS ERH
.?80320 2139 3+44 4.4-21+72 152-12+82
?E!0323 124 39,13 55-14.13 169-12.37
“7~~3~7 254 5.81 !5s-23.30  1’56-27.14
7~0327 2246 ~,9! 44-47*94 1=54-18.73
7S0329 2352 49:70’64-34.14  l&3-29..3O
790330 127 5,07 .53- 0.?4 1!$7-40.21
790330 10, 9.37*~1 .64-50.23 164-14+30
7S0331 .550 13;77 $4-32.53 152-44.50
790331 637 52+s8 4s- 6.10 164-56’B28
79040.1 213& 45+31 6S- 3.04 163-5i+27
75!040’1 2141 !52,14 44-51.s4  164-34.83
7.80401 2151 15.&? 6!5- 4+38 144-48,38
7e0401 2%24 .5.2s 6?i- z.sa 164-10.34
790402 202G 39.9s 44-.3a.i2  lSGI.1+3.5,
7W340& 1927. 32+27’ 64-43.10 16+S- 2.23
.??0407 1754 47.01 6!5-16.52  162-15.17
<?90408 2012 3?.30 64-44.03 142-32;??S
?B04013 231.9 54+07 64-44.42 l-52-31.&9

790410 339 !51,42 64-30,62 1.54-19,44
790413 1956 21,,30 5S-!5S,64  1.54-23.09
?Rt14i4 1243 43.?e 64-44.46 lb4-.5a.+a3
7%9414 ,19 4’ 2293a 64-44.13 16b- 3+?5

.79341B .31h 44;7e 55- 6.7S 164-42+46
78041!3  “1137 33.9S 67-13,~7 160-46.?3
7a041? 144a 43.23 .54-23.72 167-10+29
?90420 18=’ lb’,?~ 56-22+99  163-S5+a3
790422 953 “Sa’.9O  44-50.07 162-23+05
790426 ‘Z3Z 17;99 .54-44,a&  16S-40.70
790426 441 54,49 64-5!5.47 144- 8.30
790430 211 38,3!3 61-51.93 169- 0+54
7S0504-” 71-0 1?’+78 &4-30.!5&  163-1S.5?
79(%0$5 “-22% 35.2P &5-17+24  166-16,40
?SQSOT Z14e 39+4S 4S-47.24 16.3- 2.24
790511 ‘:737 43+32 64-33*?O 152-49*74
790513 231 49.7”5 44-59.79 142-19.27
7P0514 2345. 2.93 62-36.91 !59-30.77
790s~a ,9~,g I0,09 55-28,23 154-10.?6
?WM18i336 25.2a ,63-44.2S  15S-45.43
7WH20 1254 26,71 (54-31.26 152-30+1S
7905.20 1345 33.84 64-30,38 !42-50,94
790523 ~42a 3kt74 65i-i8.a3 154-24.51
?90528 1741 3?.4.5 55-13*9O 155-59+?3
7~~5~9 1441 54,.5?  6.5-47.12 l&3-46531
790330 Z34Z 17,61 64-56.43 142-14..37
790531 1151  22.64 53-5.&9 1 . 5 2 - 4 2 . 4 1
7q&50~  ~yo ~~,.5~  ,55- ~,Q~  ~&4-~4.47
75$36(3Z 725  37.20 .5.5-20+40  142-35.11
7SYMOS 1017 19.77 b3-2?+40 142- 0.45
?~()&~Q ayx ,<-<(i 77 .5!5-zo.4Q  16Z-48,4Y

790.510 1?53 1’0,14 5%22.05 1’s4-1’3>72

10*00* 1*91 5 174 sa+o 1+6.7 9+3
10*OO*. 2.30 4 21?la2,3  0.98
io*oo* 3.16 5 175105.5 0.95 21.9
10*00* i*Wi 3 123 57.1 0+00
10*OO* ,1.s.5 3 152 a9.9 0.00
10.OO* ,2,13 4 1431%5.4 0.46
10*00* 2*17 4 125 70.6 0.60
10.OO* 3.14 4 147123.9 0.91
10+OO* 1.53 3 170 63.8 0.13”
10*00*  4.11 6“103 9 1 . 4  ~.a3 7 . 7
10,00*  2+33 4  133 S0/7 0+8?
LO*OO* 1.44 3 I?a 63.2 0.00
10.00* 2,34 4 127 7s.4 0.33
10*00* ~.aa 4’ 276.40.1 0.92
I.O.00* ~,24 4 263 36.S 1.32
10,00$ t*?9 4 13715s.s O*17
10*00* 1,4? 4 134136,0 0.4s’
10.00* 1.46 4 i33i35.a 0.33
10*00* 2*II 4 166 93,6 1.67
10tOO~ 2.13 3 158 43.3 0.00’
10+OO* 0.91 3 162 27.4 0.00
10.OO* 2,12 3 262 3a.6 1,14
10.OO* i.63 3.179 69.2 O.Ot-
10+00+ 2+24 4 229 a9.4 0.48
10.00* ~,~~ 4 164 94a 0.83
IO+OOW 1.96 4 1.!SS 27.0 1.90
10.00W 1.82 4 142138.3 0.48
10*00* 1.60 3 232 2S.6 0.01
IO+OON 1.6& ‘4 118 71.3 0.6’0
10+00~ 3.00 3 277217+3 0.6S
10*OO* i.3a 4 13610144 1,43
Ioeoo$ 1.51 3 243 91.7 0907
10*OO* ~,5j6 3 242 ?0.2 0:s9
I0,00W ?..29 3 146121,7 0,00
10*00* 2,3s 4 ~4also.9  0.08
‘IO,OW 3.S!5 5 26S12?,8  i.6~ 05.9
IO*QOV ?..72 3 la4 9!5.2 0+01
10*00* 1.90 3 229 aS,2 0.90
~o,OQ* 1.97 4 150121.9 O*O4
10.00* 2+69 4 1S2121,4 0.01
IO,QO* 1.’53 3 ia3 95.6 0,00
IO,CO* 2.60 4 231 ao,5 0.6&
10+00* 2.72 4 229 51.7 0.93
10.00? -----7 *P 4 149143.s 0.s4
19.00Y z.~y .4 ~4~~?9,9  Q.37
10*00* 1+61 3 13i 7s.2 O*OO
IO+QO* 1,63 3 la7139.6  0.00
~o,l)oy 2,67 4 247 96.4 0.1?
LO.09* 1.e3 3 ia2133,9 0.01

~ q(j19.(X)* ..- 4 144104.4 0.56



TABLE 4 (Contld)

Date Origin- Lat(N) Long(w) DePth

10*OO*
10*OO*
10*OO*
l!)+OO*
10*OO*
10+00*
10.OO*
10.00*
10+OO*
10+00?
10,OO*
10*OO*
10*OO*
10*OO*
10.00*
10*OO*
1O*OO$
10.OO*
10.OOX
10+OO*
IO+OW
10.CW*
10.00*
10*OO*
lQ.et)*
10,QO*
10.OO*
10,OO*
10*00*
10,00*
10.LW*
10.OO*
10+OO*
10*OO*
10.OO*
10+OO*

Maq NoGapDmin F?MS ERH

3 * 1 2
~,~o

1 . 4 0
3 . 0 0
3 . 4 3
1.82
~,~g
1+33
1*29

~*9~

1+98
1 . 9 4
1.4~

2 . 9 0
3*OO
3*4O
2+00
L*?2
4.~(3
1 . 9 6
1 . 0 0
1.28
~.17
1*31
3 , ? 3
O*78
1 . 4 6
O*77
~,69
2.23
O*57

6 ~30~16,5 2,9% 3&,l
3 2!55 99*4 0.00
3 154 3a.2 0.00
s 144 ~,9 o,~o 1*9
7 133 44,2 ~,~7 ~6*&
3 248117.2 0.00
3 2?0 96.4 0,11
4 13313!5+1 O*63
3 144 48.1 0,00
6 140129*0 1,99 14.1
3 218 3.5.3 0,01
5 209 5*O 3.8~231.2
5 142 02.3 1.07 1s.9
6 152 a9.3 v.7a 11.9
4 167 78.6 1,3S
3 321252,7  2,09s45.0
5 318247.3 1.44141,7
6 106 99a I.01 1.4
4 199173.9 0.91
5 129139.5 I.11 ~a.4
7 279447.3 8.18241.S
5 125 39,5 9.39405,6
3 190 24.1 0.00
3 221 30*0 0,01
5 250 S3.3 1.8S371.5
5 la9 30.2 1.?2156,0
6 273149.7 0,47 23.7
4 247 51.8 4*9S
s 270 44*2 3.71 19.4
4 170 ~a.4 1.27
S 127 27.8 0.26 3,0
3 272103.9 1.08
3 319 12.8 0.23

~*4~ 4  2 1 8 1 7 7 . S  0.81
4+50 21 1 3 8 1 s 2 . 7  0.72 3 * 5
2,41 4  1 8 4 1 7 0 . 5  0 , 0 1
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General geological provinces in northern Canada and seismicity  for the period 1962-1974. P. M. A.: Princess Marga~et Arch. C:Ar..

“ Cornwall  Arch.

B.U.”: Boothia. Uplift. F.P. U.: Prince  Patrick Uplift. S.A.:
Storkemon Arch. t7.A.: Coppemine  Arch. M. A.: Minto  Arch. B. A.. Bell Arch.
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I

Schematic model for evolution of Alptia-&fendeleyev  Ridge com@ex as incipient
subduction zone-isI~d arc. produced by initial rotation of Eurasia away from  North America.
Pole of opening of North Atlantic relative to North America determined by Pitman and Talwani
(1972) for period between 81 and 63 my. ago (hramide time) shown by bull’s-eye  on northern-
most Greenfand. Solid black = position of Greenland and Eurasia relative to North America at
81 my.: stippie = position at 63 my. We have also suggested relative motion within what k now
North American continent, along iine of Laramide thrust, and have further assumed that
“brarmide”  piate inciuded  Chukotskiy and Koryak-Kamchatka  as well as most of what is now
Amexasian  Basin. Boundary between North American and Laramide  plates is continued north Of
bramide  thrusts into kctic via Richardson Mountains and Prince Patrick upiift, which we have
interpreted ss Srnke-siip fauit  Zone$ an~ogous to San ‘ndreas.  ‘pha cOrdfilera-}iendeieyev
Ridge form compressive plate boundary between Eurasian and Laramide piates. Hachures = areas
underlain by oceanic crust in Arctic: CrOSS hatching = position of f-Qmono~v  ~ldge at 81 and
63 my.

Figure 10
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I. Summary of Objectives

The scientific objectives relate to areas of unknown data and para-
meters which are needed to make an environmental assessment of the
Beaufort Sea Continental Shelf. The products: reports, maps, and
tables, provide information about the scientific objectives and
can be drawn on as needed to aid decision-making prior and during
leasing and developemnt. Information about the natural processes,
in and around the lease area, indicates the stability of the area
and predicts the influence of development.

The most important landforming  process in the area is loss of ground
ice. The natural stability of the landforms is directly related to
the rates at which ground ice is lost. Developmental planning must
take these rates into consideration to minimize environmental impact.

Planning must also be site-specific because the rates of natural
changes greatly range in value from one portion of the area to another.
The objectives address this range in values.

II. Introduction

A. General Nature and Scope of Study

The purpose of this investigation is to provide quantitative and quali-
tative data for assessing the environmental impact of development within
the lease area. The existing, naturally occurring geomorphic processes
are herein identified, and where possible, the dynamics of these
processes are quantified.

All the major landforms of the area, including barrier islands, lagoons,
streams, lakes, and deltas, are shaped or influenced by the loss of
ground ice. Hence, there is an important interrelationship between
the major landforms;  a landform changes at the expense of another, or
it evolves into another landform.

This study provides an understanding of natural geomorphic conditions
which exist in the area. This understanding can be used to determine
the impact that man-related activities may have on the environment.

B. Specific Objectives

1. To determine the origin and stability of the barrier island -
lagoon system.

2. To identify the natural geomorphic processes involved in creating
and maintaining the-natural physical environment.

3. To determine the rates of natural change in features due to natural
processes.
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4 . To provide baseline information that can be used to
assess environmental impact in an unbiased manner.

predict and

5. To provide geomorphic information that can be used to establish
guidelines for land use and resource management.

6. To compile information that can be used to construct a model which
can be manipulated to indicate long and short term changes either
naturally or as the result of development.

c. Relevance to Problems of Petroleum Development

The information gathered by this study is directly applicable to such
“development problems as:

a. sitin”g’ of drill pads
b. sources of gravel
c. location of landfills
d. transportation routes
e. engineering aspects of stability
f. stream channel dynamics
g* shoreline changes

III.

The natural stability of)geomorphic features should be known before
long life structures are built. Sources of nearby materials should
be identified so that energy resources can be conserved. Waste
materials must be placed in secure locations. Transportation routes
must be planned so that they are economical, conserve energy
resources, and minimize environmental impact.

Current State of Knowledge

Previous research shows that the Arctic coastal plain is the common
source of materials that make up the gravel and tundra islands along
the Beaufort Sea coast. Previous research also shows that the
lagoons are created by enlargement of coastal plain lakes. Since
the lakes on the coastal plain are important to barrier island -
lagoon development, the rates of natural change and the processes
involved have “been closely studied.

Streams that enter lagoon systems along the Beaufort Sea are important
to the geornor”phology  and the ecology of these ecosystems and have
been studied by examining the channels and the deltas at their mouths.
Deltas are very delicate landforms  that respond easily to natural
processes’ and ‘record the intensity and magnitude” of these processes
in the morphology.

Shorelines along the Beaufort Sea are retreating horizontally. There
is a corresponding vertical drop in the land surface with this hori-
zontal retreat, however, the absolute rates of vertical change are
still unknown; “Information has been collected about relative rates
in vertical~clk%fige.
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IV. Study Area

The area of investigation includes the barrier islands and lagoons
of the Beaufort Sea Offshore Lease Area and the adjacent coastal plain.
The adjacent coastal plain must be considered in this study because
it is the source of materials in the barrier island - lagoon system,
and it will also suffer the impact of development. The landforms of
the area have a strong interrelationship because they all suffer the
effects of the loss of ground ice. The actual study area stretches
from the Colville River eastward to the Canning River.

v. Sources, Methods and Rationale of Data Collection

There are two basic aspects behind the rationale of this study:
(1) expand information learned in the Simpson Lagoon area to the
rest of the lease area, and (2) fill in existing information gaps
about geomorphic processes and the rates of natural change. Infor-
mation from field observations and remote sensing data were combined
to produce the final products. The following is a list of the basic
methodology followed during the study:

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Interpretations of aerial photographs, radar imagery, and
Landsat imagery.

Ground reconnaissance on foot and boat.

Low altitude aerial reconnaissance.

Literature evaluation and inspection of weather records.

Exchange of data with Dr. A. S. Naidu and other principal
investigators.

Quantitative and qualitative analysis of the deltas in the
area.

Comparison of sequential data.

Compilation of a landforms map of the region.

Analysis of the geomorphic setting of the lease area.

Compilation of shoreline erosion maps for islands, important
lakes, and the coast, outside the Simpson Lagoon area.

Evaluation of remote sensing techniques best suited for
various aspects of the project.

Analysis of the future results of natural processes.

Compilation of information about changes in the Sagavanirktok
River.

The natural changes in the barrier island - lagoon system and the
coastal plain were determined using aerial photographs and Landsat
imagery. Field studies of geomorphic processes and the interpretation
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of remote sensing data provided information concerning the origin and
stability of the barrier island - lagoon system and the importance of
the adjacent coastal plain.

VI. Results

A. Terrain and Landform Map

The terrain and landform map of the Beechey Point Quadrangle (Figure 1)
differentiates 10 units based on lake density and orientation, and
wetnessfdryness. Complete unit descriptions and their significance
are in progress and will appear in future reports. Landforms shown in
Figure 1 are active river floodplains, abandoned river floodplains,
bedrock, deltas, and pingos.

B. Delta Morphology

Figures 2, 3, and 4:\ show the channel networks
and Sagavanirktok  river deltas, respectively.

for the Colville, Kuparuk,
These networks are based

on channels shown as double lines on 1:63,360 U. S. Geological Survey
topographic maps. Several other channels were added from 1972 U-2 photo-
graphy.

Smart and Moruzzi (1972) present a technique for describing delta net-
works based on vertices and links. Vertices are points where channels
bifurcate, merge, or empty into the ocean, and are designated forks,
junctions, and outlets, respectively. T.inks are channel segments that
connect two successive vertices and are designated by the upstream and
downstream vertices; for example, a link connecting a fork vertice to
a downstream junction vertice is an FJ link. The numbers of the various
vertices and links were determined from Figures 2, 3, and 4, and mapping
photography (Table 1).

Table 1 - The numbers of vertices and links of the Colville, Kuparuk,
and .Sagavanirktok Deltas.

River Delta Vertices Links
Nv Nf Nj No N1 FF FJ JF JJ FO JO

Colville 223 111 84 28 302 65 138 42 29 14 14

Kuparuk 77 37 29 11 103 21 44 14 13 9 2

Sagavanirktok  591 294 272 25 857 154 418 136 125 15 10

The delta channel networks of Figures 2, 3, and 4, begin where a single
channel or braided network begins to fan. The Colville delta fans from
a“ single channel whereas the Kuparuk and Sagavanirktok deltas fan from
braided channels. Table 2 shows the ratios of the longest chords down
and across the delta networks.
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Figure 3 - Channel network of the Kuparuk Delta.
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Table 2 - Length/width relationships of the Colville, Kuparuk, and
Sagavanirktok Deltas.

Delta Length Width
Miles Kilo. Miles Kilo. L/W

Colville 25.4 40.9 22.6 36,4 1.1

Kuparuk 5.8 9.3 4.2 6.8 1.3

Sagavanirktok 31.8 51.2 13.0 20.9 2.4

The Colville and Kuparuk delta networks are lobate and constructive;
the Sagavanirktok delta is elongate and constructive. Smart and
Moruzzi (1972) call the ratio of the number of junctions to the number
of forks in a delta network, the recombination factor. This ratio may
range from zero for a network with no junctions to one for a braided
stream. The recombination factor values
and Sagavanirktok deltas are as follows:

Colville - 84/111 = 0.76

Kuparuk - 29/37 = 0.78

Sagavanirktok -272/294 = 0.92

for the Colville, Kuparuk,

The recombination factor values confirm the similarity of the Colville
and Kuparuk delta networks. The recombination factor value of tile
Sagavanirktok delta network shows braided stream characteristics. This
network, therefore, should
study of the Sagavanirktok

c. Tundra Erosion Rates

1. Introduction

be regarded as two adjacent deltas. Further
delta in this regard is in progress.

Erosion rates of tundra areas bordering the Sagavanirktok River, large
inland lakes, and the Beaufort Sea were determined in the vicinities
of Prudhoe Bay, Camden Bay, and Fla~an Island. The erosion rates
were determined by comparing lateral distances on 1955 U.S.G.S. vertical
mapping photography enlarged to 1:17,800,  with distances on 1972 U-2
vertical photography enlarged to 1:33,330 and to 1:40,420. Distances
were measured from a point , which was identifiable on photographs from
both years, to the tundra edge.

The primary purpose of erosion rate measurements is to determine the
stability of the Arctic Coastal Plain. Knowledge of variations of
erosion rates and the reasons for these variations will aid in planning
future development on the coastal plain. Measurements of the tundra
erosion rate along the western bank of the Sagavanirktok River near
Prudhoe Bay are useful for planning ongoing development in this area.
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Cannon, et al. (1978) suggest that morphological changes in the
Beaufort Sea coastline, including development of some barrier is-
lands is, in part, from coalescence of inland lakes. Determination
of erosion rates of lake shorelines, therefore, is necessary to assess
the contribution of lake coalescence to shoreline morphological
changes.

A mean erosion rate value will eventually be determined for the entire
Beaufort Sea coastline based on the areas described here and on other
areas presently under study. This mean erosion rate is useful in
nutrient dynamic studies since organic material introduced into the
Beaufort Sea by coastal erosion is an integral part of the offshore
food chain.

2. Erosion Rates In the Prudhoe Bay Area

Figure 5 and Table 3 show the tundra erosion rates in the vicinity
of Prudhoe Bay and the mouth of the Sagavanirktok River. Nineteen
measurements show a mean’ erosion rate of ].9 meters per year along
the Prudhoe Bay shoreline. The erosion rates became progressively
larger east to west along the shoreline. This suggests that erosion
here is largely a function of exposure to the dominant southwesterly
wind and wave impact.

The eastern, northwestern-facing shoreline is protected from the
dominant wind and wave impact and has a mean erosion rate of 0.6
meter per year. The north-facing shore is slightly more open to the
dominant wind and wave impact and has a mean erosion rate of ].5 meters
per year. The western, northeast–facing shoreline is completely open
to the dominant wind and wave impact and has a mean erosion rate of
2.8 meters per year.

The indentation of Prudhoe Bay on the Arctic Coastal Plain corresponds
to the boundaries of the abandoned Putuligayuk River floodplain (Figure
1). The indentation represents either preferential erosion of these
floodplain deposits or inundation of the river mouth subsequent to a
decrease in discharge from inland stream piracy by the Sagavanirktok
River. It, perhaps, represents an interaction of both.

Erosion rates tend to be low along lake shorelines in the vicinity
of Prudhoe Bay. Thirteen measurements show a mean erosion rate of
0.4 meter per year along lake shorelines. Most of these measurements
are from western, northeast-facing shorelines because these land-water
boundaries are sharp on the photography. The mean erosion rate of these
western shorelines is 0.5, and excludes a high value obtained on a
promontory in one of the lakes. The mean erosion rate of the eastern
shorelines is 0.4 meter per year and also excludes a high value
obtained on a promontory. The mean erosion rate of northern shorelines
is 0.2 meter per year. No measurements were taken of southern shore-
lines.

Fourteen measurements show a mean erosion rate of 0.7 meter in the
vicinity of the Sagavanirktok River mouth. The mean erosion rate
of eastern-facing river banks is 0.8 meter per year and the mean
erosion rate of western-facing banks is 0.5 meter. Measurements
of north-facing shorelines show a mean erosion rate tif 0.7 meter per
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TUNDRA EROSION RATES,
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Sagavanirktok River

I

o 1 2 3 4 Erosion rates are in meters per year.

MILES Dashed line is approximate tundra edge.

Figure 5 – Tundra erosion rates in the vicinity of Prudhoe Bay.



year in this area.

Table 3 - Erosion rates in the

Area

Total Prudhoe Bay Shoreline

East-facing shoreline (Prudhoe

West-facing shoreline- (Prudhoe

vicinity of Prudhoe Bay.

Bay)

Bay)

No. Meas.
19

10
5 ‘“

North-facing shoreline (Prudhoe Bay) 4“

Total Inland Lake Shoreline 13

East-facing shoreline (inland lakes) 8

West-facing shoreline (inland lakes) 3

South-facing shoreline (inland lakes) “ 2

Total Sagavanirktok River Bank 14

East-facing Sagavanirktok River bank 7

West–facing Sagavanirktok River bank 3

‘North-facing Sagavanirktok River bank 4

Mean
1.9

2.8

0.6
1.5

0.4
0.5
0.4’
0.2

0.7

0.8

0.5

0.7

Figure 6 is a map showing the approximate morphology of Prudhoe Bay
after successive periods of time. This map is based on the mean erosion
rates of the Prudhoe Bay shoreline and the east-facing bank of the Saga-
vanirktok River.

3. Erosion Rates In the Camden Bay Area

Figure 7 shows tundra erosion rates in the vicinity of Camden Bay.
Nine measurements show a mean erosion rate_of 1.9 meters per year.
The number of measurements here is limited because inland talik
lakes that serve as reference points are few in number. There seems
to be no regularity in the erosion rates in this area; rates vary
between 0.1 meter and 4.0 meters per year.

4. Erosion Rates In the Flaxman Island – Brownlow Point Area

Figure 8 and Table 4 show tundra erosion rates in the.vicinity  of
Flaxman Island and Brownlow Point. Th5rty-six island and coastal
plain measurements show a mean, erosion rate of 0.9 meter per year.

Six of the measurements show a mean erosion rate of 1.4 meters per
year on Flaxman Island. Based on two measurements, the seaward side
of the island erodes at a rate of 2.1 meters per year. The remaining
four measurements on the south side of the island show a mean erosion
rate of 1.1 meters per year.
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Thirty measurements along the coastal plain show a mean erosion rate
of 0.8 meters per year. There seems to be no regularity in the dis-
tribution of these thirty erosion rates; rates vary between O.] and 2.4
meters per year.

Table 4 - Erosion rates in the vicinity of Flaxman Island and Brownlow
P o i n t .

A r e a No. Meas. Mean

Total Flaxman Island Shoreline 6 1.4

Seaward shoreline (Flaxman Island) 2 . 2.1

Lagoon shoreline (Flaxman Island) 4 1.1

Coastal Plain Shoreline 30 0.8

Total Inland Lake Shoreline 3

Total Shoreline (coastal plain and island) 36

0.3

0.9

Three measurements show a mean erosion rate of 0.3 meter per year along
inland lake shorelines. This rate approximates the mean erosion rate
of 0.4 meter per year for lake shorelines in the vicinity of Prudhoe Bay.
These relatively low means may be common to all coastal plain talik
lakes but need further substantiation. Erosion of lake shorelines
toward the Beaufort Sea coast, to effect changes in the coastal morphology,
is three to four times less rapid than the opposite relationship.

D. Lake Orientation and Morphology

The lengths and orientations of 512 lakes in the Prudhoe Bay area were
measured on 1:63,360 U. S. Geological Survey topographic maps of
Beechey Point: B-5, B-4, B-3, and A-3. The average orientation of
the long axes (major axes) of the lakes is 350° azimuth and approxi-
mately represents most of the lakes on the coastal plain west of the
Sagavanirktok River (Figures 9 and 10).

Two factors have been suggested for the orientation of the lakes:
(1) the lakes are formed perpendicular to the prevailing wind direc-
tion by wind-induced currents, and (2) the lakes are aligned along
jointing which has propagated through the frozen materials of the
coastal plain and caused preferential melting of ground ice.

There are two published sources of prevailing wind data for locations
on the Arctic Coastal Plain. One is the Climatic Atlas of the United
States published by the U. S. Department of Commerce. The second is
the Climatic Atlas of the Outer Continental Shelf Waters and Coastal
Regions of Alaska, Volume III, Chukchi-Beaufort Sea, by the U. S. Depart-
ment of Commerce and the U. S. Department of the Interior. Oliktok
is the closest point of data for the area. Wind data from Oliktok
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Figure 9. This is a band 7 Landsat scene of a part of the Arctic coastal
plain showing Teshekpuk  Lake and many other lakes. This scene was acquired
07 September, 1978. The dashed line which has an azimuth direction of
350°, approximates the average orientation of the lakes.
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Figure 10. This is a band 7 Landsat image of the Arctic coastal plain south
of Barrow. This scene was acquired on 17 July, 1978. The dashed line has
an azimuth direction of 350°. This direction approximates the average orien-
tation of the lakes. Note the square and rectangular lakes in the foothills at
the bottom of the scene.
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ind~cate tha~ the prevailing winds are from azimuth directions between
060 and 070 during the ice free time of the year. These azimuths
are not perpendicular to the orientations of the lakes. A better indi-
cation of the prevailing wind direction during the ice free time of the
year is the orientation of sand dunes in the Beechey Point, B-3, quad-
rangle. The orientation of sand dunes here indicates a prevailing wind
from azimuth 070°. This is also not perpendicular to the orientation
of the lakes. Data from other points on the coastal plain indicate that
nowhere are the lakes oriented perpendicular to the prevailing wind
direction.

The long axes of the coastal plain lakes, however, are similarly aligned
with the dominant jointing in the foothills of the Brooks Range. The
jointing in the foothills is expressed in the preferential orientation
of stream valleys and the shapes of lakes. The lakes in the foothills
are square or rectangular in shape and a pair of the straight sides
lines up with the orientation of the joint influenced stream valleys
(Figure 10).

E. Remote Sensing Studies

Aerial photography taken over a span of 25 years has been used exten-
sively to determine the rates of shoreline changes. The entire study
area, however, has not been covered with such photography; this has
restricted measurements to areas where good photography exists. Aerial
photography is the only available remote sensing technique with reso-
lution adequate for these measurements.

Data available from other types of remote sensing techniques are better
suited to regional applications. The all weather, all winter capa-
bilities of radar imagery makes it an excellent source for neoteric
information and ice related data. The radar imagery in general is good
for enhancing minor relief and showing cultural features (Figure 11).

The multispectral data from the Landsat satellite is useful but suffers
from poor spatial resolution. During half of the year in the Arctic
four bands of data are available from the Landsat system. Band four
shows the visible green (wavelength 0.5 to 0.6 micrometers) of the
electromagnetic spectrum. Band four is best suited for turbid water
studies (Figure 12). Band five shows the visible red (wavelength 0.6
to 0.7 micrometers). Band five shows best bare soils and rocks but
is well suited for turbid water studies and vegetation studies (Figure
13) . Band six shows the solar IR (near Ill) in a
length 0.7 to 0.8 micrometers). Band six can be
water contacts and some vegetation work (Figure I
the solar IR in a wide band (wavelength 0.8 to 1
seven is not affected by clouds and haze as much
It gives a sharp view of land-water contacts and
information (Figure 15).

narrow band (wave-
best used for land-
4 ) . Band seven shows
1 micrometers). Band
as the other bands.
the best stream

During the early winter and early spring some data can be obtained from
the Arctic areas on band seven. This low-sun angle, winter time
imagery enhances minor topography very well (Figure 16). It was this
low-sun angle imagery which
joined with a stream system

indicated that the Colville River once
farther to the east. In Figure 16 the
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Figure 11. Real aperture x-band, radar imagery of Simpson Lagoon. This
imagery was acquired through solid cloud cover during August. 1976. The
shape of the coastline shows very well
bright lines. Cultural features, even

-- .
and the higher bluffs show up as
minor roads, show up well.
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Figure 12. Band 4 Landsat imagery of the same part of Simpson Lagoon
shown in Figure 11. This imagery taken in the visible green is best
suited for studies of turbid water. This imagery was acquired 25 July,
1977.
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Figure 13. Band 5 Landsat imagery of Simpson Lagoon,
Band 5 shows the visible red part of the spectrum and
useful single Landsat band. Band 5 shows water quality,

taken on 25 July, 1977.

vegetation, and cultural features.

is perhaps the most
bare rock material,



Figure 14. Band 6 Landsat imagery of Simpson Lagoon,
Band 6 shows a small part of the Solar IR (near IR).
rock and vegetation studies.

# 5 km 8

talcen  on 25 July, 1977.
Band 6 is useful for
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Figure 15. Band 7 Landsat imagery of Simpson Lagoon, taken on 25 July, 1977.
Band 7 shows a larger part of the Solar IR (near IR) than band 6. Band 7
is less affected by haze and clouds than the other bands. It shows land-
water contacts very well.
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Figure 16. This is a band 7 Landsat image taken 27 February, 1978. The

area shown is around Umiat, Alaska , which is just left of the center of
the scene. The Colville River runs in the large flat floored valley that
starts in the lower left corner of the scene. Near the center the Colville
River turns north and flows in a direction of 350° azimuth. The Colville

River at one time flowed down the now abandoned channel which can be seen
just to the right of the center of the upper portion of the scene. The

sun’s elevation, at the time this scene was taken, was eleven degrees above
the horizon. These low sun-angle scenes enhance the minor topography very
well.
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breached area where the Colville River was pirated to the north is
easTly seen. The wind gap, or the abandoned stream channel left by
the piracy, also shows up well continuing eastward.

The valley of the Putuligayuk River appears too large for the stream
on Landsat imagery, bands six and seven, of the Prudhoe Bay area
(Figure 17). Field observations confirmed that the Putuligayuk
River is a misfit stream; the size of the original channel and the
volume of gravels can not be accounted for by the present stream.
From Landsat
past changes
and 21). It
extension of

VII. Discussion

imagery a series of figures were drawn showing possible
in the streams systems in the area (Figures 18, 19, 20,
appears from this study that Prudhoe Bay was once the
a larger stream system.

The major landforming  process in the study area is removal of ground
ice by melting. This process for the creation of landforms  is
unique on this planet.

Since the coastal plain slopes toward the coastline, the bluffs along
the beach should become higher as the coastline retreats. However,
the bluffs appear to have maintained a low height of 1-3 meters. If
coastline retreat had started just at the islands, the coastal bluffs
should be over 10 meters in height. From this, it appears that verti-
cal subsidence of the surface due to loss of ground ice is occurring
along with the horizontal retreat of the coastline. In any considera-
tion, it would be illogical to assume that loss of ground ice would
only be at the coastline in an horizontal direction.

The coastline along the lease area shows a range of morphologies.
Typically, there is about a 2 meter bluff along the back of a narrow
beach. However, in some areas the tundra surface slopes to the back
of the beach with no break or bluff. In these areas the beach con-
sists of a berm of sand and gravel on top of tundra. The tundra con-
tinues out from under the beach berm and under the water of the
adjacent lagoon. This bluffless shoreline attests to the vertical
subsidence of the coastal plain.

The shorelines of the lakes show the same range of morphologies  as the
coastline. Some lakes have bluffs at the shoreline while others
have no bluffs and the tundra slopes to the edge of the water and
continues below the lake surface. In general, large lakes have bluffs
and small lakes are bluffless.

The streams show this same bluff phenomenon. In small stream channels
tundra often slopes down the banks and under the stream, and in
larger stream channels, intransit gravels may be seen on top of tundra.
The largest streams have bluffs or a bluff only on one side of the
channel.

Stream channels are not being created or rapidly enlarged by mechani-
cal erosion of bank and bed materials, but rather by loss of ground
ice. This explains why some streams show very intense meandering
without any meandering scars, point bars, chutes, or chute cutoffs.
Meandering in streams, where mechanical erosion is the major process,
always shows scars of erosion and features of deposition.
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Figure 17. This is a band 6 Landsat image of the Putuligayuk River takel.

on 25 July, 1977. The putuligayuk River runs from t~e 10w~~ ~~~ts~~~’~st

of the scene, where it starts at the Sagavanirktok  River>

corner of Prudhoe Bay, on the right side of the scene.
It appears that

the present Putuligrauk River was once the major channel of the Sagavanirktok

River. The Kuparuk River runs along the top of the scene.



‘EAUFORT  SEA

Figure 18. This is a schematic drawing of the Colville, Kuparuk, Putuligayuk,
and Sagavanirktok Rivers. It shows how the four rivers presently flow
separately into the Beaufort Sea. The next three figures attempt to recon-
struct the past drainage routes of these four rivers in progressively older
steps.
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Figure 19. This shows the four rivers at time, present - time Xl. The
Colville River joins the Kuparuk before entering the Beaufort Sea. How
long ago this situation existed is unknown.
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Figure 20. This shows the four,rivers at time, present - time Xl + X2.
The Colville and Kuparuk Rivers join the Sagavanirktok River before
flowing into the Beaufort Sea.
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Figure 21. This shows the four rivers at time, present - time Xl + X2 + X3.
The Colville, Kuparuk , and Sagavanirktok  Rivers all join and flow into the
Beaufort Sea via the Putuligayuk  River. This can account for the misfit
of the Putuligayuk River to its valley and perhaps the origin of Prudhoe
Bay.
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Stream channels begin during breakup with water flowing overland in
vast sheets. Channels begin by the melting of near surface ground
ice. As channel flow increases, the melting of ground ice increases
and the tundra mat subsides. Thus, the original material which is
removed to make the channels, is ground ice and not soil or rock
materials.

As the channels are deepened by the melting of ground ice, the tundra
mat is stretched until it breaks, at which time blocks of tundra mat
and underlying peat are dropped into the stream and transported.
This rupture of the tundra mat produces a bluff in which the rock
materials of the coastal plain are exposed. With availability of
rock materials, the stream begins to carry sand and gravel.

The conclusion drawn from the bluff to bluffless shoreline range,
is that the rates of vertical subsidence vary between areas. A
bluff forms where the rate of horizontal retreat is significantly
greater than the rate of vertical subsidence. There is no bluff
where the rate of vertical change keeps pace with the horizontal
component of change.

VIII . Conclusions

The coastline, lagoons, islands, lakes, and streams are the major
landforms of the Beaufort Sea coastal plain. These landforms  are
created by the loss of ground ice and are modified by other processes.
The major geomorphic process on the coastal plain is the loss of
ground ice.

Although not extensive on the coastal plain, the deltas are perhaps
the most important landforms in the ecosystem. The deltas are
the sources of detritus which is picked up and transported through-
out the barrier island - lagoon system for most of the ice-free
season.

In order to save extensive discussion, the more pertinent points of
this study are summarized in two tables (Tables 5 and 6).

Table 5 - Summary of information gathered from the area of the
Beaufort Sea lease.

1.

2.

3.

4.

5.

6.

Some of the islands consist of ice–cored tundra with non-ice-
cored gravel spits on the ends of the islands.

Some of the islands consist of elongate gravel bars that are non-
ice-cored or that have ice at depth.

Most islands are umbrella shaped, due to recurved spits on the ends.

The islands are composed mainly of gravel.

Non-ice-cored islands consist of gravel’ and some sand.

Ice-cored tundra–covered islands consist of sand, angular ’gravels,
cobbles, and angular boulders.
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7.

8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Materials of all islands are identical with materials on coastal
plain.

Tundra on islands is identical to tundra on coastal plain.

Lakes on tundra islands are identical to lakes on the coastal plain.

Sometimes tundra–covered islands are connected to the tundra on the
coastal plain with a strip of continuous tundra.

The tundra cover on the islands is continually being lost.

Tundra is not being generated on the gravel islands.

The shorelines of the tundra-covered islands are presently retreating.

The shoreline of the coastal plain is presently retreating in the
same manner as the shorelines of the tundra-covered islands.

The islands are at different distances from the coastal plain.

The lagoons between the islands and the coastal plain are shallow,
2-6 meters.

Some of the boulders found on the islands and the coastal plain
exhibit indisputable glacial striae.

River water that flows over near-shore ice at breakup transports
only very fine material.

Water on the lagoon side of the islands freezes over first.

Pack ice normally does not enter the lagoons and the pack ice which
does enter the lzgoons is of such shallow draft and small size it
could not raft any significant amounts of rock material or indivi-
dual rock masses of any large dimensions.

No rock materials were observed being added to the islands by ice
rafting.

In the fall during freezeup ice shove sometimes reworks the beach
materials.

Most ice shove occurs after freezeup when the gravels of the islands
are frozen.

Ice shove was not observed to contribute any significant materials
to the islands.

Due to the presence of the pack ice, the fetch on the open
Beaufort Sea is limited.

Longshore currents generated by winds in the area do not transport
gravel across the lagoons or the lagoon entrances to the islands.
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27;

28.

29.

30*

The major geomorphic changes are due to loss of ground ice.

Stream valleys form by the loss of ground ice. Mechanical
erosion of stream valleys is minor.

Lakes form due to the loss of ground ice.

The shorelines. of the lakes are presently retreating.

Table 6 - A Summary of the Steps in the Evolution of the Beaufort
Sea Coastal Plain.

Part A: Barrier Island - Lagoon System

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13 ●

14.

Coastal area lowers due to loss of ground ice.

Lakes form on the coastal plain due to loss of ground ice.

Lakes continue to increase in size due to loss of ground ice, and
eventually coalesce.

Coastal shoreline retreats due to loss of ground ice.

Coalescing lakes are breached by the retreating shoreline.

Sea water fills coalesced lakes and an embayment is created bounded
by tundra-covered arms or promontories.

Portions of the tundra-covered promontories become detached
from the coastal plain due to continued loss of ground ice.

The detached portions of the tundra-covered promontories thus
become tundra-covered islands.

The tundra-covered islands are reworked by erosi.m and gravel spits
form on the ends of the islands.

The tundra-cover is stripped off some islands and the ground ice
retreats leaving gravel islands.

Gravel islands are reworked into shoestring islands.

Further loss of ground ice causes island remnants to subside.

Wave action distributes gravel over the shallow sea floor.

Island’ remnants subside below wave base and are left as slight
rises on the sea floor.

Part B: The Streams

1. At breakup the coastal plain is flooded over completely frozen near-
surface materials.
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2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

Water flows toward the coast running from flooded lake to flooded
lake.

Streams begin as channels between lakes. The channels are formed
by the melting of ground Ice with the energy from the running water.

Stream systems at first stage are a series of channel tied lakes.

Stream channels are deepened by melting of ground ice.

The tied lakes are drained as the channels between them deepen.

Stream systems at second stage consist of tundra floored channels
which interconnect drained lake basins.

Tributaries form and grow in the same manner as the major branch
develops.

Sediments from the drained lake basins are picked up and transported
by the stream systems.

The channels continue to deepen by loss of ground ice and the tundra
mat is broken, exposing the sands and gravels of the coastal plain.

As materials are exposed, the stream begins to transport them.

When the volume of transported materials reaches a critical amount,
the construction of a delta begins at the streamls mouth.

Part C: The Lakes

1.

2.

3.

4.

5.

6.

7.

Depressions and
of ground ice.

irregularities form in the coastal plain due to loss

Lakes begin as small rectangular or square shaped basins, floored
with tundra mat.

The length of the rectangles or one parallel set of sides on the
squares develop in the same direction as the dominant jointing runs
in the foothills of the Brooks Range.

The lakes continue to increase in size as ground ice melts and the
tundra mat is broken.

The lakes lengthen preferentially in the direction of the dominant
jointing and begin to become elliptical.

The lakes increase in size, in some cases coalescing with adjacent
lakes, and the materials of the coastal plain are reworked in a
minor manner by wave action.

Irregularities in the materials of the coastal plain and wave action
modify the shapes of the lakes in a small way. Increased loss of
ground ice along the joints in the frozen coastal plain materials
accounts for the orientation and location of the lakes. Most lakes
are located along a line which runs through other lakes.
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IX. Needs for Further Study

It appears that the deltas are the most important landform in the
ecosystem of the coastal plain and the lease area. The deltas are
perhaps more important than the islands or lagoons. Detritus and
fine grain materials are reworked from the deltas throughout the
ice-free season. It might be that materials are reworked from the
prodelta throughout the winter. This is not known. The most im-
portant need for further study is a very close investigation of the
deltas along the coastal plain. This would
study of the stream systems which bring the

necessitate a detailed
materials to the deltas.

x. Summary of January - March Quarter

There were no field activities during this quarter. This quarter
was spent compiling and smarizing the previous yearfs data for
the annual report.

XI. Auxiliary Material

A. References Used

Cannon, P. Jan, S. Rawlinson, M. Moore, and J. Reuben, 1978. The
environmental geology and geomorphology  of the Barrier island -
lagoon system along the Beaufort Sea coastal plain from Prudhoe
Bay to the’Colville  River. Annual Rept. to OCSEAP, Arctic
Project Office, University of Alaska, 24 p.

Maurin, A.F., and E.H. Lathram, 1977. A deeper look at LANDSAT - 1
images of Umiat, Alaska, in Well, P.W., and W.A. Ffscher  (eds),
First arm. Wm. Pecora Mem~ial Symposium; Sioux Falls, S. Dakota,
Oct. 1975, Proc.: U.S. Geol. Survey Prof. Paper 1015, 370 p.

Smart, J.S. and V.L. Moruzzi, 1972, Quantitative properties of delta
channel networks: Z. Geomorph. N.F., V. 16, no. 3, p. 268–282.

1968, Climatic atlas of the United States: U.S. Department of
Commerce, 80 pp.

1977, Climatic atlas of the outer continental shelf waters and coastal
regions of Alaska, Volume III, Chukchi-Beaufort Sea: U.S. Depart–
ment of Commerce and U.S. Department of Interior, NOAA/BLM,
409 pp.
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.
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Principal Investigator: Albert E. Belon
Affiliation: Geophysical Institute, University of Alaska
Contract: NOAA # 0“3-5-022-55
Research Unit: # 267
Reporting Period: April 1, 1978 - March 31,

I - SUMMARY OF OBJECTI~S

The primary objective of the project is
available remote-sensing data of the Alaskan
shelf and to assist OCS investigators in the

1979

to assemble
outer continental
analysis and

interpretation of these data to-provide a compreh~nsive
assessment of the development and decay of fast ice, coastal
geornorphology  and ecology, sediment plumes and offshore
suspended sediment patterns along the Alaskan coast from
Yakutat to Demarcation Bay.

Four complementary approaches are used to achieve this
objective. They are: 1) the operation of a remote-sensing
data library which acquires, catalogs and disseminates
satellite and aircraft remote-sensing data;, 2) the operation
and maintenance of remote-sensing data processing facilities;
3) the development of photographic and computer techniques
for processing remote sensing data; and 4) consultation
and assistance to OCS investigators in data processing and
interpretation.

Thus, the project has pr~marily a support role for
other OCS projects, and in itself does not usually generate
disciplinary conclusions and implications with respect to
OCS oil and gas development. Such results will be generated
by the various disciplinary OCS projects, most of which are
users of remote-sensing data and services provided by our
project. At this time at least two dozen OCS projects are
utilizing remote-sensing data routinely, six” of them (RU #88,
205, 248, 530, 265, and 289) almost exclusively. In addition,
the availability of near-real-time remote-sensing data
(NOAA and DMSP satellites) and delayed repetitive data
{Landsat and aircraft) provides a continuous monitoring of
environmental conditions along the Alaskan continental shelf
for research and logistic support of the OCSEAP Program.
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II - INTRODUCTION

A. General Nature and Scope of Study

The outer continental shelf of Alaska is so vast and so
varied that conventional techniques?  by themselves, are
unlikely to provide the detailed and comprehensive assess-
ment of its environmental characteristics which is required
before the development of its resources is allowed to
proceed during the next few years. The utilization of
remote-sensing techniques, in conjunction with conventional
techniques, provides a solution to this dilemma for many
disciplinary investigations. Basically the approach involves
the combined analysis of ground-based (or sea-based) , aircraft
and satellite data by a technique known as multistage sampling.
In this technique, detailed data acquired over relatively
small areas by ground surveys or sea cruises are correlated
with aerial and space photographs of the same areas. Then
the satellite data, which extend over a much larger area and
provide repetitive coverage, are used to extrapolate and
update the results of the three-way correlations to the
entire satellite photograph. Thus, maximum advantage is
taken of the synoptic and repetitive view of the satellite
to minimize the coverage and frequency of data which have to
be obtained by conventional means.

B. Specific Objectives

The principal objective of the project is to make
remote-sensing data, processing facilities and interpretation
techniques available to the OCS investigators so that the
promising applications and cost effectiveness of remote-
sensing techniques can be incorporated in their disciplinary
investigations. The specific objectives of the project are:
1) the acquisition, cataloging and dissemination of exist-
ing remote-sensing data obtained by aircraft and satellites
over the Alaskan outer continental shelf, 2) the operation
and maintenance of University of Alaska facilities for the
photographic, optical and digital processing of remote-
sensing data, 3) the development of photographic, optical
and computer techniques for processing remote-sensing data
for OCS purposes and 4) the active interaction of the
project with OCS users of remote-sensing data, including
consultation and assistance in disciplinary applications,
data processing and data interpretation.

c. Relevance to Problems of Petroleum Development

The acquisition of remote-sensing data, especially
satellite data, has proved to be a cost-effective method of
monitoring the environment on a synoptic scale. iYeteor-
ological satellites have been used for over a decade to
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study weather patterns and as an aid to weather forecasting.
The earth resources satellite program, initiated in 1972,
offers a similar promise to provide, at a higher ground
resolution, synoptic information and eventually forecasts of
environmental conditions which are vital to petroleum develop-
ment on the continental she~f. For instance the morphology
and dynamics of sea-ice which are relevant to navigation and
construction of offshore structures, the patterns” of sediment
transport and sea-surface circulation. which will aid to
forecast trajectories of potential oil spills and impact on
fisheries, the nature of ecosystems in the near-shore regions
which can be changed by human activity, are among the critical
development-related environmental parameters which can be
studied, in conjunction with appropriate field measurements,
and eventua~ly routinely monitored by remote-sensing.

111 - CURRENT STATE OF’ KNOWLEDGE

The utilization of remote-sensing techniques in environ-
mental surveys and resource inventories has made great
strides during the last few years with the development of
advanced instruments carried by aircraft and satellites.
The early meteorological satellites had a ground resolution
of a few miles and a broad-band spectral response which made
them well-suited to meteorological studies and forecasting
but inadequate for environmental surveys. The ground resolu-
tion of the sensors has been gradually much improved over
the years and thermal sensors were added for cloud and sea
temperature measurements, but generally the relatively low
ground and spectral resolution of the meteorological satel-
lites is a limitation for environmental surveys.

The initiation of a series of Earth Resources Technology
Satellites (now renamed Landsat) in July 1972 was intended
to fill the need for synoptic and repetitive surveys of
environmental conditions on the land and the near-shore sea.
With a ground resolution of about 80 meters and sensitivity
in four visible spectral bands, Landsat-1 and 2, have ful-
filled that promise beyond all expectations. Landsat 3 was
launched on March 5, 1978 and is acquiring MSS data in all
four spectral bands as well as RBV data which provides
higher ground resolution (4O meters) than either of the
first two satellites. Unfortunately the thermal spectral
band on Landsat 3 never worked properly and very little
useful data was acquired from it.

The development of techniques for analyzing and inter-
preting Landsat have proceeded at an even more rapid pace ~
than the satellite hardware. While in 1972 much of the
Landsat data interpretation was done by visual photointer-
pretation, the last four years have seen major developments
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in photographic~ optical and, in particular, digital tech-
niques for processing and interpreting the Landsat data.
Some of.these techniques, applicable to OCS studies, will be
discussed in section V and VI of this report.

Through the impetus provided by the national commitment
to satellite observations of the earth, the aircraft remote-
sensing program has also made great strides in the last few
years. While in the early 1960’s airborne platforms were
mostly used for aerial photography, the late 1960’s saw the
development of advanced multispectral  scanners, thermal
scanners, side-looking radars and microwave radiometers,
partly for the testing of future satellite hardware and
partly because the airborne observations serve for middle-
altitude observations between ground and satellite measurem-
ents as part of the multistage sampling technique. TWO
philosophies are apparent in the airborne remote-sensing
program: the first, exemplified by the NASA program as well
as several universities and industrial agencies, involves
relatively large aircraft and sophisticated instrumentation
which produce vast quantities of data usually applied to
intensive, non-repetitive surveys of relatively small
areas. The second approach uses airborne remote-sensing in
a truly supporting role for ground-based or satellite measure-
ments. The ai,rcraft are smaller and the instrumentation
usually consists of proven, simpler instruments such as
aerial cameras, single-band thermal scanners, and single
wavelength side-looking radars which usually generate data
only i.n photographic format. The costs of data acquisition
and data processing, while they are not small, are suffi-
ciently low that the approach is often used for repeti.ti.ve
surveys of relatively large areas. In our opinion the
second approach fulfills best the needs of the NOAA\OCSEAP
program and we have been working very closely with the NOAA
Arctic Project Office toward the implementation of such a
remote-sensing program.

1’7 - STUDY AREA

The study area for the project includes the entire
continental shelf of Alaska, except for the southeastern
Alaska panhandle. This area includes the Beaufort, Chukchi
and Bering Seas and the Gulf of Alaska shelves and coastal
zone. Temporal coverage is year-round, although the data
coverage from November 1 to February 15 is limited owing to
the very low solar illumination prevailing at high latitudes
during winter.
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v- SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

A remote-sensing data library and processing facility
was established in 1972 on the Fairbanks campus” of the
University of Alaska as a result of a NASA-funded program
entitled “An interdisciplinary feasibility study of the
applications of ERTS-1 data to a survey of the Alaskan
environment”. This experimental program, which covered ten
environmental disciplines and involved eight research instit-
utes and academic departments of the University, terminated
in 197fl, but the facility which it established proved to be
so useful to the statewide university and government agencies
that it has continued to operate on a minimal basis with
partial funding from a NASA grant and a USGS\EROS contract.
In view of the large potential demand of the OCS program on
these facilities, a proposal was submitted to NOAA in March
1975 for partial funding of the facility for OCS purposes.
This proposal resulted in a contract from NOAA on June 12,
1975, and the work performed since that time is the basis
for the present report.

As a result of the NASA-funded program, the remote-
sensing data library had total cloud-free and repetitive
coverage of Alaska by the ERTS - now renamed Landsat -
satellite from the date of launch (July 29, 1972) to May
1974 (about 30,000 data products), 60 rolls of imagery
acquired by NASA aircraft (NP3 and U-2) some of which in-
cludes coverage of the Beaufort Sea, Cook Inlet and Prince
William Sound, and substantial facilities for photographic,
optical and digital processing of these data. Through a
NOAA-funded pilot project, which studied applications of
NOAA satellite data in meteorology, hydrology, and oceano-
graphy, the remote-sensing data library also had nearly
complete coverage of Alaska by the NOAA satellites since
February 1974.

A. Remote-Sensing Data Acquired for the OCS Program

1) Landsat data

At the initiation of the project we performed searches
of the EROS Data Center (EDC) data bank for Landsat and
aircraft remote-sensing data obtained over the four areas of
interest to the OCSEAP program. From the several thousand
scenes so identified, we selected the scenes which we did
not have, in our files and which had satisfactory quality and
30~ or less cloud cover. As a result of this search 566
Landsat scenes (2330 data products) were ordered from the
EROS Data Center in the following data formats:
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-70rmn positive transparencies of multispectral scanner
(MSS) spectral bands 4, 5 and 7

-70mm negative transparencies of MSS spectral band 5
-9-1/2 inch print of MSS spectral band 6

During the first three years of the project, 2,273
additional cloud free scenes were acquired by the satellite
and purchased from EDC.

After March 31, 1977, the EDC price for Landsat products
having increased by an average of 166%, we reduced our
routine purchase of selected Landsat scenes to two formats:

-70mm positive transparency of MSS, spectral band 5
-9 1/2 inch print of MSS, spectral band 7

Other formats are ordered on a case-by-case basis and at the
request of individual OCS investigators. During the past
year, 533 scenes were added to our files.

2) NOAA satellite data

With the termination of a NOAA pilot project, sponsored
by NOAA\NESS, in October 1975, our acquisition of NOAA
satellite scenes stopped after having accumulated 1320
images since February 1974. Following an interim arrange-
ment with the National Weather Service, which turned out to
be inconvenient for both parties, funding was provided by
OCSEAP, starting on 1 February 1976, to purchase NOAA satel-
lite imagery directly from the NOAA/NESS Satellite Data
Acquisition Facility at Fairbanks. Under this purchase
order we are receiving two NOAA scenes daily from the Bering
Sea pass of the satellite (cov&ring the Beaufort, Chukchi
and Bering Seas) and one scene daily from the interior
Alaska pass (covering the Gulf of Alaska) in both the visible
and infrared spectral bands (6 images daily except in winter)
for a total of 972 images received during the reporting
period.

In addition we have made arrangements with the NOAA\NESS
facility to save digital tapes of the thermal infrared data,
upon request and for the cost of tape replacement, for
scenes which are especially cloud-free or of high interest
to OCS investigators. These tapes allGw the precise mapping
of sea-surface temperatures at locations and at times of
special interest to OCS investigators.

3) USGS/OCS aircraft remote-sensing data

In November 1975, we started receiving the remote-
sensing data acquired by USGS aircraft, under a NOAA/OCS
contract, along the Alaskan arctic coast since July 1975.
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These data consist of six 250 ft. rolls of black and white
aerial photography and 42 strips of side-looking radar
imagery. This program terminated in December 1975.

4) NASA aircraft remote-sensing data

Over the Last few years the NASA Earth Resources Aircraft
Program has flown several missions over preselected test
sites within Alaska. The program is directed primarily at.
testing a variety of remote-sensing instruments and techniques
and to support NASA-sponsor’ed investigations. However, black
and white and color-infrared aerial photography were obtained
on most missions and in particular during the May 1967, July
1972, June 1974, and October 1976 missions which include
flights over portions of the Alaskan coast and coastal
waters. We have acquired copies of these data from NASA.

The U-2 imagery of the Beaufort Sea obtained in June
1974 is of particular interest to OCS investigators because

,, it was obtained during the sea-ice break-up period, it
covers a large area (20x20 mi.) in a single frame with good
ground resolution (10 ft.), and nearly concurrent Landsat
data are available. Similarly, the u-2 imagery of the
northern Gulf of Alaska and Prince Williams Sound, acquired
in October 1,976, is of excellent quality.

During June 1977 the U-2 aircraft once again acquired
photography over Alaska. New flight lines, mostly in the
Prudhoe Bay area, using a 6“ and 12” focal length lens were
flown and copies of the data are included in our files.

This year several state and federal agencies combined
efforts to obtain high altitude aerial photographic coverage
of the whole State of Alaska. This imagery will be acquired
by NASA over a three-year period which commenced in summer
1978. Approximately fifty percent of the state was satis-
factorily covered in the first year’s effort. Two cameras
are being used with focal. length lenses of 6“ and 12” result-
ing in black and white coverage at 1:120K scale and co:or
infrared coverage at 1:60,000 scale. Coastal areas covered
this year include Point Hope to Cape Espenberg, most all of
Kodiak Island and most of the coastal areas from Seldovia to
Glacier Bay. Although copies of this imagery are not yet in
our files, we do have the indices and are able to obtain the
imagery for investigators.

.Currently a C-131 aircraft from ?!lasa Lewis Research
Center in Cleveland, Ohio is in Alaska and has made several
SLAR flights in the Beaufort and Bering Seas with an X-Band
radar. Copies of these data will be made and archived in
our data library.
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5) NOS aircraft remote-sensing data

In spring 1976 we learned that the National Ocean
Survey’s (NOS) Buffalo aircraft was scheduled to obtain
aerial photographic coverage of Shelikof Strait during
summer 1976. Knowing that this area is frequently covered
by clouds, we requested NOS to acquire aerial photography of
other areas of the Alaskan coastal zone on a non-interference
basis with their primary mission. NOS agreed to do so for
the cost of the raw film. As a result 1316 frames of color
aerial photography were acquired, covering the entire coast
from the Yukon delta to Cape Lisburne and several isolated
areas in the Gulf of Alaska.

During July 1977 the NOS aircraft flew additional
flight lines on the Chukchi and Beaufort coasts extending
our coverage eastward to the mouth of the Kogu River, in
Harrison Bay. This medium scale photography is of excellent
quality and has been used heavily by OCS investigators.

6) Army aircraft remote-sensing data

With the termination of the USGS/OCS remote-sensing
data acquisition program in December 1975, an important need
developed for all-weather remote-sensing coverage of the
Beaufort and Chukchi coasts during critical periods (end of
winter and end of summer) . We worked closely with the
OCSEAP Arctic Project Office and with a major user (Dr. Cannon,
RU #99) in investigating various options culminating in a
contractual  arrangement with the U. S. Army remote-sensing
group at Ft. Huachuca, Arizona.

Under this contract an Army Mohawk aircraft equipped
with an all-weather side-looking radar (SLAR) flew two
missions in Alaska in May and August 1976 resulting in
complete SLAR coverage (51 flights) of the Beaufort and
Chukchi shelves during the critical periods. These data
have been heavily used, particularly by OCSEAP RU #88 (Weeks)
and RU #99 {Cannon). An April 1977 SLAR mission was flown
which resulted in spring sea-ice coverage of the Chukchi. and
Beaufort coastlines as far east as Camden Bay.

During this reporting period arrangements were made by
NOAA/BLM and USA/CRREL to obtain SLAR missions along the
Beaufort coast on a regular basis. The imagery is obtained
by an Army Mohawk OV-lB and to-date data has been received
on a monthly basis since December 1978. The film is copied
in the Geophysical Institute photo lab, transparencies made
as well as several copies of prints for distribution. The
original imagery is then returned to the Army and a copy is
retained in our file.
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7) Near-real-time satellite imagery

Near-real-time satellite imagery is now available to
OCS investigators t~rough the Remote-Sensing Library. Air
Force weather satellite imagery (DMSP) is received at E1.mendorf
Air Force Base near Anchorage and shipped daily to the Geo-
physical Institute. Also, Landsat quick-look data from
selected scenes is received from Canadian sources two or
three days after acquisition. These new data products are
made possible through a State-funded project to evaluate the
utility of near-real.-time satellite imagery to Alaskan
problems. OCS has made extensive use of these data, primarily
to determine sea-ice conditions.

8) Preparation and distribution of remote-sensing data
catalogs

All the remote-sensing data available in our files for
the Alaskan continental, shelf have been indexed and plotted
on maps. Catalogs summarizing the availability of these
data and providing instructions for selecting and ordering
data have been prepared and distributed to all OCS investi-
gators as appendices to the series of Arctic Project Bulletins
(Nos ● 6, 9, 10, 12, 14, 17, and 22). In addition we have
developed a file, of catalogs and photo indices of aerial
photography obtained by federal, state and industrial agencies
in Alaska, and we attempt to stay informed on plans for
future aircraft photographic missions.

B. Remote-Sensing Data Processing Faci.liti.es  and Techniques

The facilities and equipment commonly used for remote-
sensing data processing are listed in Figure 1. Most of
this equipment is not devoted exclusively to remote-sensing
data processing but arrangements have been made to support
the needs of the OCS investigators on a time-share and work-
order basis, and to take into account the needs of the OCS
program in any planned modifications or expansions.

The optical and photographic processing techniques
developed for the remote-sensing program ’are described in
the flow diagram of Figure 2.

Photographic processing probably needs no further
explanation. The full range photographic laboratory of the
Geophysical Institute is well adapted-to the genera~ion  of
custom, as distinct from production run, photographic products.
However, the available equipment limits
ment’s to 16x20” maximim size from 8x”1O”
nically dodged prints or transparencies
contact printing only.

photographic enlarge-
originals. Electro-
are produced by
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I UNILIERSITY  OF PIASk’ACentra 1 ized  Data Processing Facilities
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I
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Oata Catalogs
LANDSAT W crof i lms
LANDSAT Orbtt  tians
LAND5AT  &  Atrcraft  Oata  Ma s

[f
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Microfilm Projector
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OPTICAL LABOAAIORV
01 or tive Projector
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Stereoscope
Projectors (16,35  .7@Tn)
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Optical processing revolves around the use of special-
ized equipment such as the multiforrnat photo-interpretation
station, the zoom transfer scope, the color additive viewer
and the vP-8 image analyzer in addition to conventional
light tables, stereoscopes and a binocular zoom magnifier.

Multiformat  Photo Interpretation Station - Analysis of
aerial imagery in roll form is a cumbersome task and is
likely to damage the original material even with careful
handling if one uses ordinary reel holders and a light
table. With stereo coverage, it is impossible to achieve
stereo viewing with the frames appearing on the roll format
unless one uses the photo interpretation machine. It can
accommodate either 5-inch or 9-inch film formats and the
film transport adjusts to permit stereo viewing with varying
amounts of forward lap between frames. The viewing turret
includes zoom binoculars with up to 5X magnification.

Zoom Transfer Scope - The time-consuming process of
transferring information from images to maps is made consider-
ably easier by the use of the zoom transfer scope. This
table-top instrument allows the operator to view stiultan-
eously both an image and a map of the same area. Simple
controls allow the matching of differences in scales (up to
14x) and provide other optical corrections so that the image
and the map appear superimposed. In particular a unique one-
directional stretch capability (UP to 2X) allows the matching
of computer print-out “images” to a map or photograph.

color Additive Viewer/projector/tracer - This instrument
is primarily intended for the false-color decomposition of
Landsat images from 70mm black and white transparencies and
tracing information contained on these images at scales of
1:1,000,000 and 1:500,000. However it has proved to be very
useful also for superimposing and color-coding Landsat
images acquired on different dates and looking for change or
movement and for viewing any other enlarged image on 70mm
film format.

VP-8 Image Analysis System - The VP-8 image analysis
system provides an electronic means of quantizing information
contained in a photograph when the sought information can be
expressed in terms of density ranges. It consists of:

-a light table having uniform brightness and a working
surface of 15x22 inches

-a vidicon camera which transforms the photographic
(transmittance) data to electrical signals

-an electronic image analyser which quantizes and
formats the vidicon signals

-a CRT oscilloscope
-a color television monitor as an output device
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The capabilities of the vP-8 image analysis system
include:

-density level slicing. This feature allows lines of
uniform density on the input image to be displayed as
contours. These contours form the boundaries of density
bands which are displayed as up to 8 color bands on the
color television monitor. The base density levels and
the density range of the bands are individually as well
as collectively variable. An example and illustration
of tihe density slicing technique applied to coastal
sedimentation studies was provided in the OCSEAP Arctic
Project Bulletin NO. 7, Appendix C, “Environmental
Assessment of Resource Development in the Alaskan
Coastal Zone based on Landsat Imagery” by A. E. Belon,
et al, University of Alaska.

-single scan line display. Any single horizontal scan
line of the vidicon camera can be selected for display
on the CRT oscilloscope by positioning a horizontal
cross-hair on the image. This display of a single scan
line is effectively a microdensitometer trace.

-digital. read-out Qf. point densities, selected by adjust-
able cursors or of total area of the image having a
given (color-coded) density range. For instance the
vP-8 image analysis system is well adapted to the area
measurement. of sea-ice~ newly refrozen ice, and open
water in any area of the Beaufort Sea imaged by Landsat.

-3-D display. This mode of operation allows a three-
dimensional presentation where the X and Y coordinates
of the original image are displayed in isometric pro-
jection and intensity information is shown as a vertical
deflection. Subtle features of the image which are
often lost on level-sliced displays, become obvious in
3-D displays.

-5X magnification. This feature allows the expansion
a small part of the image on the 3-D display to full
screen size.

of

Ocs
The digital data processing equipment available to the
investigators include the main University computer, a

Honeywell model 66/20 with 1 M bytes of core-memory, which
has a remote time-share terminal at the Geophysical Institute,
a NOVA 820 data preprocessing computer as well as conventional
line printers, plotters and digitizers. Most remote-sensing
imagery in digital format is reformatted, classified or
otherwise processed on offline computing systems. An overall
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flow diagram of digital processing of Landsat imagery is
illustrated in figure 3 and discussed later in this report.
Once the digital data have been processed, they are dis-
played on line printer maps or the digital image film
recorder.

Digital Color Image Recorder - It often is necessary to
reconstitute an image from the processed digital data in
order to convey information in the most suitable form to the
human mind. Also, if one deals with multi-spectral data it
is impossible to convey the density of information required
without the use of color. A digital image recorder with the
capability of reconstituting color products was procured and
installed in 1976 using State of Alaska funds appropriated
to the University of Alaska Geophysical Institute. Basic-
ally it is a rotating-drum film recorder which produces four
simultaneous standard images on film up to 8x1O” in size.
Density resolution is 255 levels of gray, and spatial
resolution is 500 lines per inch. Recording rate is 1.5
lines per second. Any combination of the four negatives so
produced can be registered and printed with suitable filters
to produce a reconstituted color negative which can be
processed and enlarged photographically.

Remote-Sensing Data Interpretation Techniques - The
basic techniques for remote-sensing data reduction and
interpretation are described in flow diagram format in
figure 2 (optical and photographic data processing) and
figure 3 (digital data processing). The techniques for
visual photointerpretation, as applied to sea-ice mapping;
for density slicing, as applied to sea-surface suspended
sediment mapping and transport; and for digital data process-
ing, as applied to ecosystem thematic mapping, are described
in the OCSEAP Arctic Project Bulletin No. 7, in particular
its Appendix C “Environmental Assessment of Resource Develop-
ment in the Alaskan Coastal Zone based on Landsat Imagery”
by A. E. Belon, J. M. Miller and W. J. Stringer.

●

Variations of these techniques offer considerable
promise of effective applications to OCS studies, but are
too numerous and varied to be discussed in detail-here.
Usually they are developed in cooperation with individual
OCS investigators for application to a specific project.
Therefore we refer to the reports of other OCS investigators
for detailed descriptions of applications of remote-sensing
data to disciplinary studies.
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c. Consultation and Assistance to OCS Investigators

This activity may be subdivided into two parts: ge~e~al
assistance to all OCS investigators provided through the
Arctic Project Bulletins, program planning and negotiations
and meetings\workshops; and individual assistance through
consultation, training sessions on the use of remote-sensing
data and equipment, and cooperative data analyses.

1. General Assistance

In order to familiarize OCS investigators with the
available remote-sensing data, processing equipment, and
interpretation techniques, we prepared seven substantial
reports which were included as appendices to the OCSEAP
Arctic Project Bulletins Nos. 6, 7, 9, 10, 12, 14, 17 and
22 and distributed to all OCS investigators active in studies
of the Beaufort, Chukchi and Bering Seas and the Gulf of
Alaska.

The appendix to Arctic Project Bulletin No. 6 described
the operation of the remote-sensing data library, provided
catalogs of Landsat and aircraft data available in our files
and pxovided instructions to OCS investigators on the selection
and ordering of these data.

The appendix to Arctic Project Bulletin No. 7 described
the facilities and techniques available for a=ing remote-
sensing data and included a scientific report in which these
facilities and techniques were used to analyse and interpret
remote-sensing data in three representative investigations
of the Alaskan continental shelf: sea-surface circulation
and sediment transport in the Alaskan coastal waters, studies
of sea-ice morphology and dynamics in the near-shore Beaufort
Sea, and mapping of terrestrial ecosystems along the Alaskan
coastal zone.

The appendix to Arc”tic Project Bulletin No, 9 provided
a cumulative catalog of all available OCS remote-sensing
data including Landsat and NOAA satellite data, USGS/OCS
aircraft data and NASA aircraft data.

Arctic Project Bulletin No. 10 provided a catalog of
the SLAR (Side-looking radar) imagery obtained by the Army
Mohawk remote-sensing aircraft in May 1976.

The Appendix to Arctic Project Bulletin No. 12 provided
an updated catalog of satellite and aircraft remote-sensing
data acquired since the issuance of the cumulative catalog
of Bulletin No. 9.
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Arctic Project Bulletin No. 14 provided a catalog of
the SLARimagery obtained in May 1977 by the Army-Mohawk
aircraft..

Arctic Project Special Bulletin NO. 17 provided an
updated catalog of satellite and aircraft remote sensing
data acquired through the spring and summer field season of
1977.

Arctic Project Special Bulletin No. 22 provided an up-
dated catalog of Landsat and NOAA ima-cquired through
the spring and summer field season of 1978.

Although the existing remote-sensing data base is very
useful in supporting OCS disciplinary projects, there is
also a vital need for an airborne remote-sensing data ac-

““quisition  program dedicated to OCS purposes. To this end we
have worked very closely with the NOAA Arctic Project Office
in attempting to implement such a program. We participated
in several meetings at the Geophysical Institute and one at
Barrow in an attempt to set the USGS/OCS airborne remote-
sensing data acquisition program on the right course, and
took over responsibility for cataloging, reproducing and
disseminating these data. When this program failed and was
terminated in January 1976, we studied alternatives and
recommended several options to NOAA, one of which was a
contractual arrangement with the U. S. Army remote-sensing

Huachuca, Arizona.squadron at Ft. This recommendation was
implemented, and two missions of”the Army Mohawk remote-
sensing aircraft were conducted in May and August 1976,
resulting in high quality SLAR imagery of the Beaufort,
Chukchi and Gulf of Alaska shelves at critical period.
Another mission was conducted in April 1977. In parallel
with these activities we have negotiated with NASA for the
acquisition of high altitude (u-2, 65,000 ft.) aerial photo-
graphy of the entire Alaskan coastal zone. This program was
approvedby NASA at no cost (so far) to NOAA/OCSEAP. The
first attempt to acquire the requested data, in June 1975,

failed because of prevailing heavy cloud cover during the 3
weeks the U-2 aircraft was in Alaska. A second attempt,
unfortunately delayed until October 1976, was partially
successful and acquired high quality aerial photography of
the Gulf of Alaska and Prince -Williams Sound. Due to ex-
cessive cloud cover very little usable u-2 imagery was
acquired from the June 1977 mission; however, two flight
lines in the Prudhoe Bay area were of good quality. We also
participated in successful negotiations with the National
Ocean Survey for acquisition of color aerial photography of
the Bering and Chukchi Sea coasts during a previously scheduled
mission of their Buffalo aircraft to Alaska in summer 1976.
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Excellent medium altitude photography was acquired from the
Yukon delta to Cape Lisburne, as well as isolated areas of
the Gulf of Alaska coast. In summer 1977 NOS again flew
several flight linesl extending from Cape Sabine on the
Chukchi Sea coast to Cape Halkett on the Beaufort Sea. This
imagery is of excellent quality and is archived here for OCS
investigators use.

While the OCSEAP Arctic Project Office and our project
have been fairly successful in negotiating remote-sensing
data acquisition by other agencies on an irregular basis,
such arrangements are not wholly satisfactory on a long-term
basis because the type and format of the data vary from one
mission to another and the frequency of data acquisition is
insufficient to provide timely observations and good statis-
tical information on coastal zone conditions and processes.
For this reason we worked with the Arctic Project Office on
a plan which would utilize a Naval Arctic Research Laboratory
{NARL) C-117 aircraft, remote-sensing equipment available
from several sources, and local processing of the data to
provide more frequent and more relevant data on a consistent
format.

OCSEAP agreed with this plan and contracted with NARL
for the airborne data acquisition program and with our
project (RU 267) for the processing of the data. The Cold
Regions Research Laboratories (CRREL) provided a Motorola
side-looking radar and a laser profilometer, as well as a
qualified engineer, to NARL, and we located and secured four
aerial cameras for installation in the aircraft which was
subsequently modified and committed to a remote-sensing
program by NARL. Our project also acquired wide-film process-
ing and printing equipment and constructed a photographic
laboratory for processing of the data acquired by the NAXLL
aircraft. Unfortunately, the NARL data acquisition program
failed after acquiring very little SLAR data, and it was
terminated by OCSEAP in the spring of 1978.

The most recent attempt to acquire SLAR data on regular
basis is based on a contract, through CRREL, to the local
(Ft. Wainwright) Army Mohawk squadron which obtained well-
equipped, new model, remote-sensing Mohawk aircraft in early
1978. A trial mission was flown at our request in September
1978 as a training army mission. The resultant SLAR data of
the Beaufort Sea coast proved to be of sufficiently good
quality that formal arrangements were made for identical
flight lines to be flown on a monthly basis during winter
1978/79. Good quality SLAR data have been received for
December 1978, January, February and March 1979. They
provide for the first time excellent coverage of Beaufort
sea-ice morphology and dynamics during the important mid-
winter period when other remote-sensing data are not avail-
able owing to the absence of daylight.
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2. Individual Assistance

Individual assistance to OCS investigators involves con-
sultations on the applicability of remote-sensing data to
specific studies, data selection and ordering, preparation
and supervision of work orders for custom photographic pro-
ducts and data processing, training in the use of remote-
sensing data processing equipment” and techniques, develop-
ment of data analysis plans and sometimes participation in
or performance of data analysis and interpretation.

This individual assistance “has stabilized over the past
year as requests become more site specific and detailed in
nature. 65 OCS investigators utilized our facilities during
the past year, most of them for several hours, and some of
them repeatedly. In addition, numerous contacts occurred by
mail or telephone correspondence. Therefore, it is not
possible to describe in detail these individual activities
but their scope is illustrated by listing the user projects:
RU’S numbers 6, 59, 69, 87, 88, 172, 194, 196, 205, 248,
250, 251, 258, 261, 265, 289, 290, 356, 467, 481, 483, 526
529, 530, 537. Of these about twelve are using remote
sensing data routinely and six of them (RU no. 205, 530,
248, 88, 265, 289] almost exclusively. The principal appli-
cations are sea-ice morphology and dynamics, coastal geo-
morphology and geologic hazards, sea-surface circulation and
sedimentation, sea-mammals habitat and herd habitat mapping.
A partial list of users and their needs is included as
Appendix A of this report.

VI - RESULTS

The results of the project so far can be separated into
two categories: the operational results (establishment of a
remote-sensing data facility) and the research results
(disciplinary applications of remote-sensing data to OCS
studies) .

A. Establishment of a Remote-sensing Facility for OCS
Studies

The principal result of the project, as specified in
the work statement of the contract, is that there now exists
at the University of Alaska an operational facility for
applications of remote-sensing data to OCS studies: This
facility and its functions “have been described in detail in
the previous section of the report. Briefly it consists of:
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1)

2)

3)

4)

As

A remote-sensing data library which routinely
acquires catalogs and disseminates information on
Landsat and NOAA satellite imagery and aircraft
imagery of the Alaskan continental shelf.

A remote-sensing data processing laboratory which
provides specialized instrumentation for the
photographic reproduction and optical or digital
analysis of remote-sensing data of various types
and formats.

A team of specialists that generates and develops
techniques of remote-sensing data anaiysis and
interpretation which appear to be particularly
well-suited for OCS studies.

A staff that is continually available to OCS
investigators for consultation and assistance in
searching for, processing and interpreting remote-
sensing data for their disciplinary investigations.

a result of the establishment of the remote-sensin~
facility established by our project, about twelve OCS pro--
jects are routinely using remote-sensing data, six of them
almost exclusively, and many more OCS investigators are
occasional users of remote-sensing data.

B. Disciplinary Results of the Applications of Remote-

Sensing Data to OCS Studies

In general, the results of applications of remote-
sensing data to OCS studies will be contained in the annual
reports of the individual projects and need not be repeated
here. However as part of our function to develop techniques
of remote-sensing data analysis and interpretation, we did
prepare a scientific report entitled “Environmental Assess-
ment of Resource Development in the Alaskan Coastal Zone
based on Landsat Imagery” which illustrates the applications
of Landsat data to three important aspects of the OCSEAP
program: studies of sea-surface circulation and sediment
transport in Alaskan coastal waters, studies of sea-ice
morphology and dynamics in the near-shore Beaufort Sea, and
mapping of terrestrial ecosystems in the Alaskan coastal
zone. This report was presented at the NASA Earth Resources
Symposium, Houston, Texas, June 1975 where it was acclaimed
as one of the best presentations. It was also distributed
to OCS investigators as part of Arctic Project Bulletin
No. 7 and is now out of print due to heavy demand in spite
of the fact that 250 copies were made.
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A report (see Appendix B) produced by RU’S 267 and 258,
was released in September by the OCSEAP Arctic Project
Office. The report incorporates part of the RU 267 annual
report for 1977 and an article by RU’S 267 and 258 in Arctic
Project Bulletin No. 20 to illustrate, by means of historical
Landsat imagery and sea ice morphology maps, the seasonal
sequence of sea ice arid sea-surface conditions from fall
freeze-up to summer breakup in the 1979 Beaufort lease sale
area.

c. Results of Beaufort Lease Area Investigations

With the proposed Beaufort Sea lease sale approaching,
emphasis of OCSEAP efforts has shifted from broad synoptic
studies to more site specific investigations. To support
ongoing research, in addition to acquiring general coastal
coverage, we have initiated a search for more detailed data
in and adjacent to the lease area. This section illustrates
with images and maps~ information that has been identified
by disciplinary investigators. Our intent is to show
graphically some of the processes that are occurring and
relate them to the area proposed for leasing.

1) Beaufort Coast Mosaic

‘As aresult of a Landsat data search, a series of six
scenes were identified which provide the best available
coverage of the Beaufort coast from Point Barrow to Demarca-
tion Bay during the short open-water season. Sections of
these images were custom enlarged to a scale of 1:250,000
for study by RU’S 529-Naidu, 537-Schell and 530-cannon. One
set of these prints was mosaiced together and is reproduced
here (Figure 4). ~he imagery shows sediment transport and
circulation patterns along the coast, recorded by reflected
light from the visible red (0.6 - 0.7 micron) portion of the
spectmxn. The mosaic contains portions of Landsat scenes:

2910-20203-5 20 July 77
2915-20483-5 25 July 77
5828-19272-5 25 Julv 77
5 8 3 0 - 1 9 3 8 4 - 5 27  Ju~~ 77
2921-21274-5 31 July 77
2954-21033-5 2 Sept 77

As is usually the case, most of the surface sediment originates
at river mouths and is transported westward along the shore
within the bays and the lagoons-barrier islands systems.
However, there are numerous eddies throughout. In particular,
the effect of the ARCO causeway on the local circulation is
well portrayed.
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Figure 4. Beaufort Sea Coast

A mosaic of’ Landsat scenes, originally constructed
at a scale of 1:250,000,  shows the Beaufort Sea
coast from Point Barrow to Demarcation Bay during
the open water season of 1977.

RU 267 BeIon



2) Spring Flooding

Rivers abutting the Beaufort lease area are known to
annually flood as melt water from the Brooks Range flows
downstream onto the still frozen coastal plain. At the
river mouth, a pulse of melt water flows out over the top of
tne shorefast ice. On 8 June 1978, fresh water from the
Kupuruk River reached a tide gauge in the Egg Island channel
of Simpson Lagoon (Brian Matthews-RU 526) . A sharp drop in
salinity occurred at 3:30 A.M. AST followed by an increase
in sea level starting at 6:00 A.M. Figure 5 is an enlarge-
ment of NOAA image 8407, which recorded the areal extent of
the overflow several hours later.’ Notice similar flooding
(arrows) associated with the Colville, Sagavanirktok,
Kadleroshilik and Shaviovik Rivers. A Landsat scene [Fig. 6)
provides a higher resolution look at the flood occurring
that day to the west on the Colville River. Landsat re-
corded a similar event during 1976, which better shows its
relationship to the lease area (Figure 7) . More detailed
information on the 1978 flood is available from Matthews -
RU 526.

3) Sediment Transport and Sea-Surface Circulation

We have undertaken a data search for imagery of the
Beaufort Lease area during the open water season. Approxi-
mately 60 Landsat images have been identified and are filed
by season, from 1972 to 1978. Of these, twelve scenes pro-
vide good details of suspended-sediment patterns and sea-
surface circulation. We are presently examining these
images with RU 529-Naidu, to further analyze the data.
Presented here are four selected scenes that show the range
of conditions observed during the summer of 1977.

Before the ice has broken up and melted (July 13th),
sediments are already visible in Prudhoe Bay and can be seen
in transport westward through Simpson Lagoon (Figure 8) .

On July 25th an unusually clear image was acquired
(Figure 9). Here, suspended sediments which appear to be
coming from the Sagavanirktok River are being transported
westward through Prudhoe Bay toward Simpson” Lagoon. The
ARCO causeway is clearly visible on the west side of the
bay. This image suggests that the causeway may influence
circulation into the lagoon. Special computer enhancement
is being performed on this scene for more detailed study.

On August 14th CFigure 10) sed@ents fill the western
half of Simpson Lagoon’ and extend seaward. Notice the
structure in the sediment pattern along the coast and on
Teshekpuk Lake.

278 :.’



Figure 5. NOM Image 8407, acquired on 8 June 1978, shows
the s~lring overflow of river melt water (arrows)
onto the sea ice on the 13eaufort coast. This
scene was acquired a few hours after a sharp
drop in salinity was recorded at a station near
the mouth of the Kuparuk River.



Figure 6. Landsat scer,e 30095-21281, 8 June 1978 showing
spring overflow in proqress on the Colville River,
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Figure 7. Landsat scene 2501-21051, 6 June 1976, shows
spring overflow in the Beaufort lease area as
it occurred that year.

RU 267 BeIon
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Figure 8. Sediment transport is seen occurring before the
ice has cleared Prudhoe Bay, on 13 July 1977.
Landsat scene 5816-20024-5.
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Figure 9. An unusually clear image of sediment being trans-
ported from the Saqavanirktok River westward.
The ARCO causeway is visible on the west side of
Prudhoe Bay. Landsat scene 2915-20483-5.
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Figure 10. West edqe of the lease area and mouth of the
Colvill~ River on 14 August 1977. Note sediment
structure along shore and in Teshekpuk Lake.
Landsat scene 2935-20585-5.
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Finally, on October 3rd, a much different condition is
seen (Figure 11). The sediments form a broad, diffuse band,
extending up to 15 miles offshore. The distribution of
materials appears quite uniform on both sides of the barrier
islands.

Knowledge of sediment distribution and transport is
important for assessing impact of causeways, gravel islands
or other structures planned in the lease area. Work will
continue with Dr. Naidu - RU 529 to better document the
range and variation of this phenomenon for the entire 7 years
of available data.

4] Sea-Ice Stability

Knowledge about the stability of sea ice in the Beaufort
Lease area is very important in order to plan or evaluate
developmental activities. Landsat imagery has been used to
systematically map sea ice conditions from 1973 to 1977 in
the Beaufort (Stringer - RU 257) .

Quick-1ook Landsat data, obtained by a project funded-
by the Alaska State Legislature, shows that recent activity
has occurred in the ice, closer to shore than previously
observed. Figure 12 is a Landsat image acquired on March 18,
1979. It shows a zone of shearing and ice failure near the
Maguire Islands, well inside the 20-meter isobath. This
information is mapped in Figure 13, in comparison to the
previously observed spring ice edge.

It is noteworthy that this Quick-1ook Landsat image was
obtained and analyzed within 3 days of acquisition by the
satellite. Through normal channels there is a six-week or
greater delay before data is available for analysis. In this
case, the timely acquisition and interpretation of the Landsat
image permitted us to warn agencies working on the ice that
hazardous conditions existed in that area.

As was previously mentioned, repetitive SIJ4R missions
have been flown along the Beaufort coast this winter.
Figure 14 contains segments from this imagery from four
different flights. They show a progression of ice events
in the Prudhoe Bay area. The data was X band (3.5 cm wave-
length) radar imagery which was originally recorded at a
scale of approximately 1:250,000. On November 28th (Figure 14a)
the ice appears smooth near shore with areas of increasing
surface roughness (bright returns) further seaward. The
upper left corner of the image shows the shear zone, with
open water and floating ice seaward of the ice edge. B y
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Figure 11. Prudhoe Bay and the east Beaufort lease area
on 3 October 1977. A diffuse band of sediment
extends beyond the barrier islands. Landsat
scene 2985-20333-5.

R[J 267 BeIon
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Figure 12. Quick-look Landsat image of sea ice conditions
on 18 March 1979. Features interpreted from
this image indicate failures in the landfast
ice more shoreward than previously observed.
Landsat scene 30378-21001-7.

RU 267 Belon
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by W, J. Stringer, 3/21/79
Remote Sensing Laboratory

Figure 13. Edge of deformation of landfast ice (dotted line),
as mapped from Quick-look Landsat imagery acquired
on 19 March 1979. The heavy dashed line is the
most shoreward edge of the contiguous ice sheet
observed previously by Stringer (RU 257). The20-meter isobath (light dashed line) is shown
for reference.
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F lGURE 14B 3 JANUARY 1979

FIGIJRL  14C 21 FEBRUARY 197:

FIGURE lQD 9 MAKC!I 1979
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January 3rd (Figure 14b) , the open water area has frozen and
the ice edge is out of the image. Other ice features seen
in November can be recognized here, and on the February 21st
and March 9th images as well, indicating little or no move-
ment of the shorefast ice in this area during this period.

Manmade features are well documented by SLAR. In
January (Figure 14b) an ice road extends into Prudhoe Bay to
the Exxon ice island (circular feature) . A second road goes
on out to Argo Island (faintly visible) 9 miles offshore.
Along the coast to the east is yet another road. By mid-
February (Figure 14c) a large maze of roads and trails is
evident. An area of high returns can be seen on Reindeer
Island, 10 miles north of Prudhoe Bay, indicating substantial
human activity there. At the east, near the edge of the
image, a new feature appears on Tigvariak Island. The March
flight {Figure 14d) covers an area further to the south than
previously imaged. In addition to ice features, the main
network of roads in the Prudhoe Bay oil field is clearly.
displayed. SLAR, due to its all-weather characteristics, is
an important source of information for sea ice conditions as
well as monitoring activities in the Beaufort lease area.
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VII G VIII - DISCUSSION AND CONCLUSIONS

The principal objective of the contract, as specified
in its work statement, has been achieved: a facility for
applications of remote-sensing data to outer continental
shelf studies has been established at the University of
Alaska and is now fully operational.

The remote-sensing data library has acquired all avail-
able cloud-free remote-sensing imagery of the Alaskan con-
tinental shelf, cataloged it and provided information on
its availability to all OCS investigators through the series
of Arctic Project Bulletins.

Existing instrumentation for analyzing remote-sensing
data has been consolidated into a data processing laboratory
and techniques for its use have been developed with parti-
cular emphasis on the needs of the OCSEAP program. New
instrumentation is being acquired and new analytical techniques
are continually being developed from this contract and other
funding sources.

The staff of the project is interacting with a number
of OCS investigators, providing consultation and assistance
in all aspects of remote-sensing applications from data
searches and ordering to advanced analyses of the data in
photographic and digital format. We have also worked very
closely with the OCSEAP Arctic Project Office in designing
an interim remote-sensing data acquisition program using
contract and aircraft missions by other agencies.

At this time about twelve OCS projects are using remote-
sensing data and processing facilities routinely, some of
them almost exclusively of other research activities, and
many more OCS investigators are occasional users of remote-
sensing data. As the focus of OCSEAP changes from synoptic
studies to the leasing process, requests have become more
detailed and site specific. Studies of processes and potential
impacts on individual areas rely heavily on historical
remote sensing data and detailed interpretations on a case
by case basis. It is important to collect and archive
available coverage as well as assist in the acquisition of
more detailed imagery of key areas.

It is clear from the foregoing discussions and from
consultations with OCS investigators, regarding their study
plans for the next year, that there will be a continuing
need for the research support that our project provides. We
intend to submit a continuation proposal to NOAA for this
purpose.
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IX - SUMMARY OF FOURTH QUARTER OPERATIONS

This quarterly report covers the period January 1 to
March 31, 1979.

A. Laboratory Activities Dur”ing the Reporting Period.

16 Operation of the remote-sensing data library

We continue to search continuously for new Landsat
imagery of the Alaskan coastal zone entered into the
EROS Data Center (EDC) data base. During this report-
ing period 121 new scenes have been received at a total
cost of $2580. We also searched the files retroactively
for higher-resolution RBV imagery and many of these
scenes were added to our files of early spring through
late fall 1978 acquisitions.

We continued to receive three daily scenes from
NOAA satellite for a total of 268 scenes at a cost of
$2,281.40. Again, owing to the low solar illumination
during January and February, images in the visible
spectral band were not acquired by the satellite for
the first six weeks, but the thermal IR images which
depend on emitted, rather than reflected radiation,
were received throughout the reporting period.

Under a State-funded project we are receiving Air
Force weather satellite imagery (DMSP) on a daily neat-
real-time basis. During this reporting period 90
scenes were received in a variety of data products.

Side-looking Airborne. Radar {SLAR) imagery of the
Beaufort coastline from Oliktok Point to Brownlow Point
was obtained on January 3, February 21 and March 9,
1979 and copies are available in our files.

Imagery from the statewide high-
photography program (see section V.A.
rived at the remote sensing library.
inventorying and ,indexing the coverag
available for investigators soon.

altitude aerial
4) has just ar-
We are currentl

e, which will be
Y

2. Operation of data processing facilities

During this quarter, we have made a variety of
photographically enhanced custom products for several
investigators. Imagery of the Beaufort coast during
the summer often contains an extreme brightness range
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caused by the presence of highly reflective ice cover
next to a relatively dark water nass. Standard data

products, printed for avezage brightness val~es,  fre-
quently fail to provide the detail required, parti-
cularly i-n water-sediment features. By custoIn printing

for special contrast control, we have,been able to
produce the needed i.nformati.on to facilitate these
investigations.

3. Development of data analysi-s and interpretation
techniques

As a result of our data search for the open water
season, one particularly clear Landsat image of the
Prudhoe Bay, Simpson Lagoon area was identified (see
Figure 9, this report). It shows sediments from the
Sagavanirktok River being carried westward to the
lagoon around the ARCO causeway. At the request of RU-
529 (Naidu) , we are performing a computer enhancement
of the image for more detailed analysis. The final
product will be enhanced and density-sliced images
produced on our color film recorder.

4. Consultation and assistance to OCS investigators

Sixteen OCS investigators requested our assistance
in searching for, obtaining or analysing remote-sensing
data. Some visitors to our facility are not formal
OCSEAP investigators but their activities are OCSEAP-
related and they are mentioned here. Users (OCS and
non-OCS) this quarter included:

John Hall, RU 481, telephoned a request for a
specific Landsat transparency of Hinchinbrook Island
for use in a publication. A 70 mm transparency was
ordered and sent to him.

Seelye Martin, RU 87, asked for a detailed map of
Landsat orbit tracks to correlate his spring cruise in
the Bering Sea to possible Landsat acquisition on the
same dates.

Curt Wallace (Shapiro RU 265] looked through all
of the NOAA data on file to compare visible ice con-
ditions and other data received on this project.

John Smith, a student working with Peter Mikkelson,
looked through imagery of the Copper River Delta and
used the Zoom Transfer Scope to transfer information
from the imagery to his maps.
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Juergen Kienle, RU 251, requested enhanced images,
both NOIM and D&lSF, of a volcanic eruption o-f Westdahl
on Unirnak Island. Several enhancements were made and
assistance given in interpreting these images.

Brendan Kelly, (Burns RU 248) asked for current
imagery of the Gulf of Anadyr to aid in navigation on a
planned cruise in the Bering Sea. We obtained NOAA and
DMSP imagery for the day prior to his departure and
also sent additional images for pick-up at a later
date.

Stu Rawlinson (Cannon RU 530) ordered and received
a considerable number of Landsat and aerial images to
aid in a shoreline study of the Beaufort coast. He
also borrowed imagery from the Remote-sensing Library
to map river deltas along the coast.

Jeff Brotnov, OSI-Seattle, who is involved in wet-
land mappingof the North Slope asked for any liter-
ature we might have concerning this area. We referred
him to Jack Mellor who has done similar work on the
North Slope and also gave him a tour of our facility to
acquaint him with equipment and imagery available here.

David Di.rkins, Yellowknife, N.W.T.~ asked for any
catalogs available listing Landsat imagery of the Beau-
fort Sea. He is interested in mapping offshore ice
beyond the 30-meter distance. We suggested that he
talk with Dr. Stringer (RU 257) who has done similar
work in the Beaufort and sent him a catalog of remote-
sensing data. He plans to visit the facility in the
future and utilize the imagery as an aid in scene
selection.

Thomas Rothe, U.S.F.& W. S., looked through NOAA
data for information on a severe storm in the Yukon
Delta area. He also ordered all available U-2 photo-
graphy of Prudhoe Bay.

Rich Kornbrath, USGS Conservation Division, is
involved with evaluation of geologic and geophysical
data of the Beaufort lease tracts fdr oil and gas
development and the geologic hazards which might be en-
countered. For this reason he spent a day in our
facility discussing ways Landsat might be useful in
this evaluation and brewing through file copies of
imagery of the lease area. While here we also introd-
uced him to personnel working with the OCSEA Program
to compare notes on work being undertaken.
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Terry Ralston, Exxon-Houston~ submitted an order
for Landsat imagery of the Beaufort Sea area. He
receives our catalogs of remote-sensing imagery and
used these for his scene selection.

Bruce LaRose, Office of Pipeline Coordinator, re-
quested aerial photography of the Prudhoe Bay area
which we ordered and sent to him.

Claus Naske, RU 261, ordered several images for
inclusion as illustrations in a book he is writing.

Austin Kovacs, RU 88, looked through the SLAR
imagery obtained this season and was given a set of
prints for his files. He also made arrangements to
receive quick-look data while in the field.

Arne Hanson (NARLI spent several days looking
through Landsat, NO&4 and DMSP imagery available in our
files.

Fred Sorenson, U.S.F.& W.S., asked for our help in
selecting one NOAA or DMSP image a week to send him
showing ice conditions at that time. This is in con-
nection with his study tracking polar bears in Beaufort
Sea.

Jerry Kreitner, State Division of Mineral and
Energy Management contacted our office and requested
information concerning sea-ice activity northeast of
prudhoe Bay. New leads, forming in the area of a joint
State\USGS drilling and seismic project, are causing
concern about the safety of the operations. Quick-look
Landsat imagery was acquired and a map of current ice
conditions was sent to DMEM (see Figures 12 & 13, this
report) .

B. Estimates of Funds Expended

Expenditures of the project were $7,340 in January,
$2,817 in February, and an estimated $8,000 in March. There
was also an outstanding, but unpaid, obligation of $13,006
for purchases of remGte-sensing data from NOAA\NESS and the
EROS Data Center. Thus total expenditures of the project
for the reporting period are estimated to be about $31,163.
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APPENDIX A

FIRST TO THIRD QUAR2ER USER ACI!3NITY

In addition to those users mentioned in our sumary of foti-
quarter :p=ations, the following p=sons utilizd our facilities during
the previous nine nnnths of the 1978/79 reporting ~icd, either as
OCSEAP investigators or in CCSEAP-related activities:

Eon S&ell (KU 537) discussed rnethcds  of data analysis with our
a@ications specialist. He is interested in salinity and nutrient
distribution on the Eeaufort coast ketween R. Eaxrowand Pruikce Eay.
Iandsat tigq was ordexed for visual photo int~etation on an
---1 basis.

I&istina Ahlnas (F@y=, RU 289) continues to look though daily
B13AA d IX’&% imagery ad ord~s enhancd products of certain scenes.

Brian Matthews (Ru 526) asked fa any satellite imagery that mul.d
vecify data he had which slxwd a marked drop in salinity in the Sinpson
Lagoon on June 8, 1978. Enlargements of NOAA irnag~ for several days
preceding that date were made for him in order to documnt gradual
melting and run-of f leading to f reslwa= f lccding of the shorefast ice.

Dick Hcopes (National Weather Semite) visited the lilnzwy to
keccm familiar with data available here anii asked for copies of any
NW or EWE’ imqq which wild k useful for theix daily ice fore-
casts.

Mitihel.1 Taylor (Chiversity of Minnesota) calld to ask for imagery
faapolar ~studyhe is involved in. Wetoldhimthat  we had
already corducted a search for imgery @ had furnished NOAA imageq b
one of his co-wrkers, lZmd Sorenson. Mr. Taylor was not av.are of this
and thought that it wuld be _te. &ently MS. Sorenson again
contacted us and wauld now like a search done for Lam3sat imagery to
give nrxe detail on ice conditions for a given date and site in the
Chukchi sea.

Gary WON (Oceanographic SemAces Inc. ) teleplmned  to ask for a
data search fcr Iardsat inag~ in an area in the Bering Sea to aid h
his study of sea ice. A coqlete listing was sent to him and he asked
that we order the scenes for him. Since it was an *erely large order
it has keen only partially filled at this *.

Jerzy Kreitn~ (Office of the Pipeline Ccordinatir) asked for
recent aerial pktcgraphs of Prudhce Eay to aid in an environmental
impact Stamt being prqered for a gas conditioning plant. Plmtos
frcan a 1977 NASA U-2 mission were plotted on a rrap and -t to him.
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Louis Barton (Alaska 12epartment of Fish & _, Anchrage)  asked
that we send him sanple ~ints of NOS aerial photography to see if it
would ke useful k his study ~f hering along the coast of the Seward
Peninsula. Rqmesentitive  copies of CIR and natural tiler se sent to
him and he Lat= returned thm with the intmtion of personally browsing
through the photograp~  on file &e in the near future.

I&is ‘lbmms @JJ 290) M for a data search in the Bristol 13ay
area to help correlate marine ,sediment  data to surface circulation.
Sev=al Lardsat tiges wre ordered for b.

Jack Mellor
the north- sea

R3n NWznex
the Beaufact Sea

{-) used our light table to view aircraft imagery of
ccast.

(IW 248/249, 250) viewed all the SLAR hagq we have of
Xea.

Jim Scudd (USGS) ordered NOS aerial ptitography of proposed drill-
ing sites in the Barrow, Cape Simpson area.

As a qial service to Dr. Frank Fay (RIJ 194) , we received da~y
F43AA images of the Bering Sea and forwarded M to him for pickup at
Savoonga. These current - inages, aided him in determining where the
RV Sumeyor sbuld prcceed and thaeby eliminated a amsiderable mount
of wasted time searching for the edge of the pack ice.

Niren Biswas (BU 483) 100M at NOAA and Iarxlsat  imagq which
might h useful in the evaluation of ice-quake activity in the Norton
and Kotzebue Sound areas. A staxling =der for Ian&at imagery for the
area for a specific time period was placed for him.

Pek Rd.nhardt ad Miles Hayes (RU 59) called frcm the University
of South Carolina ml asked for appropriate sulmler and win* Landsat
imagq of Kcdiak IslaniL A selection was @e and enlargements ord~ed
for then.

George Divoky (RU 196, Pt. Reyes Obs~tory) visited our facility
while in Fairbanks fcr an ~ mseting @ spent sevezal bxrs brcwsing
through the last year’s M3AA and Iandsat tigery and ordered ~al
prints.

Joe Truett (IW 467, LGL Ltd. ) lcokd at the recent Landsat imgery
of Simpson Zagoon to u@ate his record of gcd imgq for that area.

Stu I?awlinson  (Cannon, IW 530) asked for assistance in locating
historical air ptmtos of the Beaufort coast. Microfiche of USGS mpping
photo tiices were stiied anil an order placed for contact prints and
enlargenats of these phtos.

Seelye l%rtin (RLJ 87, University of Washington) called and aslcxl
that orbital mps of Iar&.at coverage for Spring 1978 ad 1979 be sent
to him. These we s.s& to him by return mail * also were included in
the ca~lcgs of remte-sasing data distrikated during this re~rting
pericd.
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Jay Brueggemn @rahexn, R5J 69) r-ted a data search for Landsat
imagexy of the Norton Sound-%ing  Sea area. A list of scaes and tkir
g~aphic c~dtites, cloud COV= arid dates of acquisition was s~t to
him along wi+h zercx copies of the scenes.

Peter Craig (RU 467, IGL Ltd. ) brmsesl through available Ladsat
images from 1977 and 1978 and ordered sevecal of his stiy area in
s@xOn Lagc9n.

E& RAmnitz (RU 205, USGS, Menlo Park) lcoked through the recent
imagq of the Beaufort Sea and was interestd in the latest ice con-
ditions. Copies of that day’s EMS imagery -e given to him ard prints
tie from imagery received af= his departure -e sent to him.

Dr. Naidu (~ 529) browsed through Landsat images of Simpson La@on
ad ordered copies of several scenes. He al= checked on dates of
satellite caverage for that area so that he could cocwdinate field
~lfig with satellite passes. We are mw looking for the irmg~ for
those dates. Thus far, tw scenes have bea ent=ed into the data kase
and slmuld he available for his use very slxxtly.

Mvid Mason (M 356) &Ovr#i tlrough our ltiary and ordered
sev=al images which he pickd up on his return from doing field wink.

BK=dan Ke~y (Shapiro RU 250) lcokd through NOAA imagery to
correlate ice data already compiled to the satellite imgery.

Harold mrtensen (Seattle Fisheries)  looke3 through all. the avail-
able La&at data fcr Iliamna ad ordffed several imges.

Craig Wiese (Sea Grant Office) cxdered several Larx3sat images and
U-2 a=bl pbtographs of the CordOva area.

Faye l!lexi~ (Research Eesign, Anchorage) ordered U-2 add plmto-
graphy of the off slmre islands in the Beaufort Sea to use in her slady
for the ~rth Slope Eorough.

Frscl Sorenson (U. S.F. & W.S. ) asked for our assistance in ctising
NOAA satellite data fran June 1977 through JUly 1978. m. Sorenson is
involved h a project that is tracking a radi=ollared  pbr bar in
its trek across the Chukchi Sea. He knows the geographic location of
the bear far giva dates kt neeibi the satellite data to give M
infmnation on ice coalitions which my have influencd the bar’s
activities. A search was made ard order placed for available IWAA
imagery for him.

David Lapp and George Comfort (ZWctic Canada Llxl. ) came in to look
fm historical ice data for the Prud&e to Eenmcation  Point area.
Catalcgs listing available data h our library were giv~ to them and
the imagq was made available for their use.
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Wilford Weeks (RU %8) visited to
able for his study area.

~. Naidu (RU 529) linked at and

ckk on the latest imag~ avail-

ordered scm Landsat ~gery
showing sediment d cticulaticm patterns in the Eeaufort Sea.

NEW Puhl (Polar Research ~stitute) called to ask abut the avail-
ability of NOAA imagery and how nuch img~ we had on hand.

John Burns (RI 248 ) -t a day looking at ‘tith Landsat d F?OAA
tigery d ordered copies of each.

=i mung (Shapixo, IU 250) used our equipmmt ti light tables
in her mrk for Shapiro.

Steve Earrett (Stringer, RU 258) searched through the files for
sea-ice hag=.

Mike Mx2uire {Cities Service Oil CQnpeny, ~sa) visited our
facility ard looked at imagery available. He ~essed surprise at
ftiing such a cc@ete compilation of ramtesenstig data for the
state.

lkvid Ye- (Univ~sity  of Maine) asked for flight line mps of
the Port Heiden area.

John Hall (RI 481, U.S.F. & W. S., Sacxamnto) ordered u-2 aml
Ia.ndsat imagery of the Prince Williams .%und area.

Jim Lcdcings (graduate stud=t waking for Peter Mikkelson) used
the Zccm Transf = Scope to trensf = infmmtion  frcm cuzrent photos to
lnaps in their study of the copper River 12dta.

Eob Gleasm @3HI0, Anctirage) called to ask for imagery of the
Prudbe Eay area which slmws smke plms. He is conducting a study of
the changes which might cccur if mre x -e gm=ated in the
PrLdhoe area.

G. Cadeimn Fay ( John
imagery.

Pew Connors (RH 172,

leaked at latest N2AA

used thi Zocm mansfec
Scope to txansf er information f= KS -ial photographs to maps. He
used plmtos he had purchased as well as transparencies fzmm our files.

Jan Cannon (RU 530) ~iodically  checks through the latest tigery
ad orders those SCE3E5 useful to his ~ investigation.

Juergen Kiaile (RU 251) Icoked at an3
volcanic eruption on Kamhatka  Peninsula.
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Christopher Fuby and PeteX *imhardt {Hayes, 13J 59) of the UniV-
sity of *uth Carolina, spent sev=al days in our facility looking
through EuxlSt, NOAA and lXIS inagecy and placed sevexal orders for data
of theti study areas.

-e tif (@reY~ m 6} checkd the latest - imagery ti deter-
mine ice conditions b=fme going into the field to pursue their stdies
in the Beaufmt Sea.
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ICE CONDITIONS IN THE BEAUFORT LEASE AREA

The following report is reprinted, with some additions and a
reorganization of the sequence of illustrations, from the 1 June 1978
Arctic Project Bulletin No. 20, Outer Continental Shelf Environmental
Assessment Program. It is a joint effort between RU 267 (Belon) and
RU 257 (Stringer) to illustrate with satellite imagery and interpretive
maps, the sequence of seasonal changes of ice conditions in the 1979
Beaufort Sea Lease Area.

The OCS Environmental Assessment Program supports the operation of
an “Alaskan Facility for Application of Remote-Sensing data to studies
of the Outer Continental Shelf”. This project (RU 267-Belon) is primarily
a service function for other OCS projects and has three primary activities:

1) operation of a remote-sensing data library

2) operation and maintenance of remote-sensing data
processing facilities

3) assistance to OCS investigators in data selection,
processing and interpretation

To perform these tasks, RU 267 routinely collects and archives
remote-sensing data of the Alaskan coastal areas; compiles and distributes
data catalogs to OCS investigators; performs data searches and obtains
data products on a case-by-case basis; operates and maintains analysis
equipment and provides assistance to investigators in the application of
remote sensing to individual projects. These activities have been
described in detail in Arctic Project Bulletins No. 6, 7, 9, 10, 12, 14,
17 and 20, as well as in the quarterly and annual reports of RU 267.

Another OCSEAP project, RU 267 (Stringer), has used Landsat imagery
to map near-shore sea-ice conditions in the Beaufort, Chukchi and Bering
Seas. Sea-ice maps have been prepared for these areas, covering the
last five ice seasons. In turn, these maps have been used to identify
the basic, often repetitive, elements of sea-ice morphology and dynamics,
and the associated geophysical hazards, in the Alaskan coastal zone.

Both research units (257 and 267) have combined efforts to prepare
the following report on ice and other conditions in the area of the
Beaufort Sea proposed for leasing in December, 1979, The proposed lease
area, and the twenty-meter isobath have been delineated on the Landsat
images shown. Additionally, on those Landsat scenes where the coastline
is obscured, it has been highlighted.

Landsat scenes have been chosen to illustrate the variety of con-
ditions typical of an average year. The scenes are displayed here in
seasonal order starting with early stages of freeze-up and ending with a
late summer scene showing sediment plumes and drift ice.

In addition to the Landsat scenes displayed, portions of maps
prepared by RU 257 have been chosen to illustrate various aspects of
statistical ice morphology related to the conditions seen on the Landsat
examples.
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FALL ICE FO~MATION

Eleaufort Sea Lease Area

Lanckat  Scene 1073-21’223

This image was oMaineci ciurhng the early stages of Beaufort  Sea freeze-up on O~to~er 4,
1972. The spectral range of this Landsat band 4 image k particularly sensitive to thin ice

cover. M?ost of the ice seen on this image is considerable y thinner than SO centimeters.
Relatively thick ice has formed in the nearshore areas, especially within the barrier-island
lagoons and in Prudhoe  Bay.
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*UfOfi Lease Area - Midwinter 1976

Iandsat Scene 2392-21023 18 February 1976 tiS mid-winter ~sat
scene slnrs cmntiq ice exterilhg  gr~t distarmes f ran slmre. NO
flaw lead is visible. Near the 20-meter isobath (dashed line) along the
seaward kmndary of * propsd lease area large ridge systeins can be
seen. Corrknsation  trails frm water Vapx saurces in tkE2 Pr@lms Bay
vicinity indicate onstmre -s which could be partly responsible for
the absence of open lead systms. AlnOst Wery year during the winter
ard -ly spring this pkxxnemn occurs in tke Beaufort Sea and ~sists
for several weeks. The dark @&h (a) , representative of thin ice to
the west of the main ridge systens, indicates that in the recent past
the ice had keen nmving leaving this area ~eci. It is likely that
sane of the ridges apparent on the scene were created at that time.

Scale 1:1 Wlion
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L.zu%3sat  Scene 2752-20505 12 February 77 In contrast to the Midwinter
1976 scene, this midwinter Lands-at image slmrs an active shear zone a
few lcihnete.rs  seaward of the 20-met= isobath (dashed line) . Cracks
appearing to result frmm shear stress can be seen extending shoreward
of the major fracture systm. It is interesting to observe frcm the
water vapor condmsation  trails that Prudbe Bay surface winds are
eastward tienclimg while winds aloft (%70 meters) are ka.rtig approximately
45° t~ the right, giving thsn a heading of nearly smtheast. Clearly
the surface winds at that time would not tend to kdd the ice into
shore as indicated for the ~ter 1976 scene.

Scale l:1 Million
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LATE-WINTER OPEN LEADS

Beaufoft  Sea Lease Area

Landsat Scene 1234-21175

This Land sat scene shows the proposed lease sale area on March 14, 1973, shortly after
a large portion of the Beaufort Sea nearshore ice has moved toward the east approximately
2% kilometers and is in the process of freezing over. Following this dislocation, this region
of pack ice remained stationary and fast with respect to shore for over six weeks. It sho~~ Id
be noted that this lead has propagated through the northern portion of the proposed lease
area well inshore (up to 10 kilometers) from the 20-meter isobath.
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Beaufort Sea Late-Winter Ice Edge Map

This is a portion of a map showing edges of fast ice (flow leads) observed between 1973
and 1977. This portion of the map shows the area of the proposed lease sale. It can be
seen that the 1973 event was the most shoreward iocation of ice edge observed. Hence
the lease area appears to be relatively free from lead formation during this period based
on five years’ statistics.

,’
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EARLY-SPRING OPEN LEADS

Beaufort Sea Lease Area
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Landsat Scene 2-806-20482

This Landsat scene shows sea ice conditions in the proposed lease area on April 7, 1977.
The 12- and 20-meter isobaths have been superimposed on this image along with an outline
of the tracts proposed for the December 1979 lease sale. A fresh set of leads can be seen
across this entire image, and while most of this lead system is seaward of the 20-meter
isobath, several leads can be seen in the region between the 12- and 20-meter isobaths in
the area between Midway and Stockton islands. This image illustrates that the 20-meter
“-obath  does not represent an absolute barrier to dynamic ice events during the ice season.
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Beaufort Sea Early-Spring Ice Edge Map

Shown here is a portion of a map of edges of contiguous ice observed between 1973 and
1977 for the entire Beaufort Sea. The portions chosen for display includes the proposed
Iease tracts. In addition, the 12- and 20-meter isobaths have been illustrated. This map
shows that statistically, the area between the 12- and 20-meter isobaths located between
Cross and Stockton islands has been the site of lead-forming events for several years. This
result illustrates that the 20-meter isobath cannot be taken as the absolute shoreward
limit of shear zone activity in this area.
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SPRINGTIME OVERFLOW

Beaufort Sea Lease Area
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Lancisat Scene 2501-21051

This scene obtained on June 6, 1976, shows the annual flooding of nearshore ice by the
coastal rivers well under way. Typically of high sun-angle images, individual ice features are
difficult to distinguish. However, the barrier islands forming the seaward boundary of
Simpson Lagoon can clearly be seen in the western portion of the proposed lease sale area.
Ouring this springtime flooding the coastal rivers are estimated to conduct as much as 80%
of their annual flow and an even greater portion of their annual sediment load. Not aIl
dark features on this image are associated with river overflow; the pipeline haul road and
road network in the Prudhoe Bay area can also clearly be seen. In addition to these dust
PhJmeS extending from river sandbars and the drilling-pad/road network can also be
distinguished.
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RIDGE SYSTEMS

Beaufort  Sea Lease Area

Landsat Scene 1703-21151

This Landsat scene shows ice conditions in the proposed lease area on June 26, 1974. A
number of sinuous ice features can be distinguished roughly following the 20-meter isobath.
Many of these were confirmed to be ridge systems or hummock fields during an aerial

reconnaissance performed very near this date. It is noteworthy that the best formed of these
features are found wel I within the 20-meter isobath and in the eastern sector of the
proposed lease area, well within the lease area.
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Beaufort Sea Ridge System Map

Shown here is a portion of a map of all major ridges observed in the Beaufort Sea between
1973 and 1977. It can be seen that in the eastern sector of the proposed lease area many
ridges are roughly coincident with the 20-meter isobath and many are well inshore of that
isobath and well within the tracts proposed for leasing. I n the western sector, however,
the principal trend of major ridges bridges the indentation in the 20-meter isobath, leaving
a relative minimum of major ridges within the proposed lease area. Thus the trend observed
on the 1974 Landsat image is borne out by compiled statistics.
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EARLY OPEN WATER

Beaufort Sea Lease Area

Landsat Scene 1721-21143

This scene obtained on July 1 Q, 1974, Sh~~S the early stages of nearshore ice melting
following the flooding seen earlier. Significantly the early melting takes place near the
mouths of the coa~al rivers. The June 26, 1974, Landsat scene shown in conjunction with
the maP of ’major ice ridges shows this process a little farther along: Not only has melting
taken pIace but break up of ice inshore of the  Major  grounded ridges is aim occurring.
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Beaufort  Sea 1974 Open-Water Map

Shown here is a portion of a map showing successive stages of open water in the Beaufort
Sea fol Iowing the initial flooding in early June. Comparing this map with the corresponding
open-water image obtained on July 14, 1974, shows the rapidity with which the ice breaks
up. On July 14, there was open water only in the vicinity of river mouths. By August 2,
open water existed nearly 50 kilometers off shore.
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Beaufort  Lease Area - IMrly Slmlmer 1 9 7 7

Landsat =ene 2898-05155 8 july  1977 !Ikis early ~ Iaiisat scene
shows tie3kup ice 00r@itions along the Beaufort ~st. A variety of
processes are at mrk within the lease area: Far off shre along- the
seaward bomdary of the lease area a large lead systqn has opened up
shiftimg the pack ice almst due east by a kilmeter. Clearly the ice
seaward of this lead is mt well~d at this time. It is i.nti-
esting to note that this lead sy~ nearly cotiides with * 20mter
isobath (dashed l ine) . ~side t h e  barrier islards, -flow waters
fsmn coastal r i v e r s  h a v e  kelpd melt the  ice  tijaoent ti *re. Further
off  shore  lmt still within ths lagoons,  * ice sheet is  breaking into
f  rqments free m float arourd W lagoons. This p~n Micatis
two fi=estirq pieces of inforrmtim: 1) TIE ice within - l a g o o n s
was not piled during the winter sufficiently to cause anclmring ad
2) The draft of the ice sheet in the arsas breaking off is mxv less than
the water depth which, in bum WerI mnpard with bathymetric charts
indicates the state of decay  of * fast ice.

Scale 1:1 Million
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STATIONARY SUMMER ICE

Beaufort Sea Lease Area

Landsat Scene 2177-21110

This scene, obtained on July 18, 1975, shows the ice in the proposed lease area in an
advanced stage of break-up. In the area generally off shore from the barrier islands but well
within the 20-meter isobath can be seen an extensive area of isolated ice. This is not an
unusual phenomena in the Beaufort Sea. The ice is often temporarily held in place by
remnants of ridges and other features (sometimes called Stamukhi) grounded on shoals.
Farther off shore, just inside the lease area other grounded features can be seen lying
rough I y paral Iel to the 20-meter isobath. Many of these features are grounded portions of
major ridge systems. In many cases, al?er the ridges themselves break up, significant
segments of these ridges are driven shoreward by winds or internal pressure within the
adjacent pack ice. This particular year, 1975, was unusual in that this condition. persisted
nearly the entire summer. One large system of grounded ridges (referred to as a “floeberg”)
seen seaward of the western portion of the lease area and also seaward of the 20-meter
isobath remained grounded throughout the summer of 1975 and the following winter.
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Beaufort Sea Stationary Ice

Seen here is a portion of a map prepared to show “stationary ice” in the Beaufort Sea.
Because of mid-summer cloudiness, this is a difficult phenomena to document. However,
between 1973 and 1975 several cases showing “stationary” ice have been documented
in the proposed lease area. Upon cursory examination it might appear that a large portion
of the ice seen on Landsat scene 2177-21110 might be stationary. However, careful
comparison of ice seen on successive Landsat images shows that most of this ice is actual I y
mobile and only a small portion is actually “stationary.” Identification of stationary ice in
summer helps identify ice features which may have either been formed as well-grounded
features the previous winter or driven aground during summer.
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Beaufort I.ease Ars - SuMner 1973

Larrisat  Scene 1396-21162 23 ~UgUSt  1973 ThiS mid—summer scene shcws
sediment plumes frcm coastal rivers within the lmmdary of tie pro~sd
lase area. These sd~t plunes slmuld be useful for tracing nutriat
transprt resulting f- erosion of nutrimt-kearing soils along rivers
W the mast. Fartlk!r of fsbre a fw pieces of drift ice can be seen
near W bowKlaries  of the pro~sd lease area. Other mid—summer L31Yisat
scenes shw drift ice grounding within these kcmrdaries.

Scale 1:1 Million
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SUMMER DRIFT ICE AND SEDIMENTS

Beaufort Sea Lease Area

Landsat Scene 1777-21240

This Landsat scene shows the western portion of the proposed lease area on September 8,
1974. At this time the wind was out of the east, southeast at average speeds between
15 and 20 knots. This condition had persisted for the four previous days and continued
vet another day after September 8. During these six days, the three-hour average winds
were as great as 35 knots and the wind direction remained constant. Great quantities of
suspended sediment can be seen drifting along the coast, driven by these winds. Assuming an
average speed of 20 knots over the 144-hour period yields a reach of 2880 nautical miles.
Even a 1% drag coefficient for pollutants floating on the surface of the water would be
sufficient to cause transport a distance twice the width of this Land sat scene.

Seaward of the lease area, two large accumulations of ice can be seen. These temporarily
stationary piles of ice occur as a result of large draft ice features grounding on shoals and
other pack ice members being held against the grounded ice by the wind. Streamlines of
drift ice can be seen trailing down wind from these stationary piles of ice.
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Side Looking Airborne Radar

This Radar image was acquired in April 1977 over the Prudhoe Bay-Simpson Lagoon area. SLAR is
particularly sensitive to surface roughness and the availabil i ty of reflecting surfaces for the
3.5 cm radar signal. Consequently ice roughness is well mapped, although the return signal tends
to saturate in areas of increased roughness thereby limiting the dynamic range of the recorded
information. For instance, man-made features such as ice roads give a saturated return signal
while the berm on the roadside is less than a meter high. On the other hand, the texture of
ice piled around smooth pans is well portrayed. This information Would be extremely useful when
planning field work on the ice. Note the Union Oil’s Ice Island and surrounding snow fences in
the extreme lower left corner of the image, Prudhoe Bay oil field facilities on the right and
numerous roads and trails on the near shore ice.



ANNUAL REPORT

Contract 03-5-022-56
Research Unit #350
Reporting Period 4/1/78-3/31/79
Number of Pages - 37

ALASKAN OCS PROGRAM COORDINATION

Donald H. Rosenberg
OCS Coordination Office
University of Alaska

March 31, 1979

322



1.

II.

III.

Iv.

v.

VI.

Summary ot ubJectlves

This pro,ject provides for coordination of all NOAA/OCS Task Orders within
the University of Alaska. It provides for a coordination and related
support staff and services necessary to conduct the scientific program of
Ocs. This is accomplished by being a focal point for all contract, data
management, and logistics coordination.

Introduction

Not applicable

Current State of Knowledge

Not applicable

Study Area

Not applicable

Sources, Methods, Rationale of Data Collection

Not applicable

Results

A. Scientific and Contract Monitoring

During the reporting period this office has exercised monitoring
authority over the Task Orders listed in Table 1. As noted on
this table, certain tasks have been completed during the reporting
period and final reports have been submitted.

The monitoring effort of this office is limited to the following:
the evaluation of the scientific effort relative to the work state-
ments to Insure contractual compliance, the coordination of pro-
posal submission, logistic requirements, and data submission. In
the last case, Data Management Plans are formulated and submitted
through this office, as are the resulting Data Submission Schedules
and formatted, taped data. All reports are also submitted through
this office.

In the past year, the proposals tabulated in Table 11 were submitted
to NOAA for OCS work.

Contact with the Juneau, Arctic Project and Boulder OCS offices was
maintained to insure that progress in the scientific programs pursued
by University of Alaska principal investigators is consistent with
NOAA/OCS program needs and that any problems that arise are solved
in a timely manner.

The staff of this office and their duties relative to OCS are
outlined in Table III.
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B. Data Management

Data Management Plans were formulated and kept up-to-date by this
office as needed.

Formats for submitting data on magnetic tape have been received
for all data which  will be so submitted. One problems continues
to trouble me; this is the continuous need to revise existing
formats. When dealing with a large number of formats as this
office does, it is easy to miss corrections, especially for a
rarely used format. May I request that when a change occurs
~ completely new format be sent,, not just the corrected record
type.

c. Data Submissions

During the past year contract 03-5-022-56 investigators have
submitted through this office batches of data which were
checked for format, k&ypunched, transferred to tape and sub-
mitted to NOAA/OCS. See Table IV for a listing of these data
submissions.

We have also furnished, through this office, a keypunching and
data transmittal service for investigators as designated by the
Project Offices, on a limited basis. We have in the past year
processed data for Dr. P. Connors at the request of the Arctic
Project Office.

D. Travel Coordination

Funds were provided through this Task Order to allow for travel
of management, staff and principal investigators under this
contract to meetings requested by NOAA/OCS. These funds were
used to attend synthesis and coordination meetings as well as
meetings requested by the Project Offices between principal in-
vestigators and their Trackers.

E. Logistics Coordination

Coordination of logistics requirements in the pursuit of tasks
assigned to this contract was carried out through this office in
the past year. We attempt to act as a pipeline for changes re-
quested in project instructions as well as in the submission of
Chief Scientists Reports and ROSCOP II forms where appropriate.

VII. Discussion

Not applicable

VIII. Conclusions

Not applicable
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Ix. Needs for Further Study

Not applicable

x. Summary of Fourth Quarter Operations

A. Ship or Laboratory Activities

Not applicable

B. Results

See results section above and Tables

c. Problems Encountered

The only major problem encountered centers on the Voucher
Specimen Policy. In various aspects this problem has been
with us since the beginning of the OCS projects.

Recent advances have been made. The problem now centers
around whether it is necessary for task orders which have
been completed to post facto comply with the policy, and
if so, how this will be handled, particularly in reference
to time and money.

As is apparent from recent correspondence, the University
is continuing to work toward a mutually agreeable solution.
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Table I

University of Alaska OCS Projects

Contract 03-5-022-56

Task R.U.# Project Title Principal Investigator
Order

1* 427

350

290

275

278

194

162

5/303/
281

289

351

441

537

529

Bering Sea Ice-Edge Ecosystem
Studies

Vera Alexander
R. T. Cooney

Donald”H. RosenbergAlaskan OCS Program Coordination2

3* Grain Size Analysis of Sediment
from Alaskan Continental Shelves Charles M. Hoskin

Hydrocarbons: Natural Distribution
and Dynamics on the Alaskan Outer
Continental Shelf

5

David G. Shaw

7 Microbial Release of Soluable
Trace Metals from Oil-Impacted
Sediments Robert J. Barsdate

Morbidity and Mortality of Marine
Mammals

8

12

Francis H. Fay

Natural Distribution of Trace Heavy
Metals and Environmental Background
in Three Alaskan Shelf Areas David C. Burrell

15 The Distribution, Abundance,
Diversity and Productivity of
Benthic Organisms in the Bering
Sea Howard M. Feder

Mesoscale  Currents and Water Masses
in the Gulf of Alaska

Logistic & R/V Acona

19
Thomas C. Royer

Dolly Dieter

David M. Hickok

23

Administrative Support NODC/EDS24

27* Avian Community Ecology at Two
Sites on Espenberg Peninsula P. G. Mickelson

32 Nutrient Dynamics and Primary Pro-
duction in Alaska Beaufort Sea
Coastal Waters D. M. Schell

Sediment Characteristics, Stability,
and Origin of the Barrier Island-
Lagoon Complex, North Arctic Alaska

33

A. S. Naidu
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Task R.U. # Project Title Principal Investigator
Order

34 530 The Environmental Geology and Geo-
morphology of the Barrier Island-
Lagoon System Along the Beaufort Sea
Coastal  Plain from Prudhoe Bay to
the Corville River P. Jan Cannon

* Final reports for these projects have been submitted and the Task Order
work completed.
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TABLE II

Proposals Submitted to NOAA/OCS for Contract 03-5-022-56
4/1/78 - 3/31/79

Submission Proposal No. Title Principal c o s t
Date Investigator Proposal

Nutrient Dynamics and Primacy Production
in Alaska Beaufort Sea Coastal Waters

Schell/Matthews $37,1663/30/78 78-17

78-18

79-1

79-2

79-3

74,9054/4/78 Some Effects of Petroleum on Arctic
Marine Organisms

Shaw
,.

6/4/78

6/14/78

6/27/78

Alaska OCS Program Coordination Rosenberg

Dieter

Schel 1

90,079

18,000Marine Logistics Support

Nutrient Dynamics and Trophic System
Energetic in Nearshore Beaufort Sea
Waters

56,691

6/27/78
u
E

79-4 Sources, Transport Pathways, Depositional
Sites and Dynamics of Sediments in the
Lagoon and Adjacent Shallow Marine Region
Northern Arctic Alaska

Naidu 64,370

36,6226/27/78 79-5 The Environmental Geology and Geomorphology
of the Barrier Island-Lagoon System Along
the Beaufort Sea Coastal Plain

Cannon

6/28/78

6/30/78

79-6

79-7

Morbidity and Mortality of Marine Mammals Fay

Shaw

50,198

39,992Hydrocarbons: Natural Distribution and
Dynamics on the Alaskan Outer Continental
Shelf

105,3346/30/78 79-8 Circulation and Water Masses in the Gulf
of Alaska

Royer

79-8 Modification Royer 1 0 1 , 9 4 811/8/78

12/12/78 79-8 Modified and Amended Roye r 101,948



Submission Proposal No. Title Principal cost
Date Investigator Proposal

7/5/78 79-9 Distribution, Abundance, Community Feder $162,158
Structure and Trophic Relationships of
the Nearshore Benthos of the Kodiak Shelf,
Cook Inlet and NEGOA

9/30/78 79-9 Modification Feder 162,158

12/1/78 79-9 Second Modification Feder 162,158

7/11/78 79-1o Administration and Technical Support Hickok 83,000
for the OCSEAP Data Processing Center
and the NODC/OCSEAP Representative

1/10/79 Supplemental Request 10,300

10/18/78 79-11 Work Statement Modification Fay 11,302

10/20/78 79-12 Nutrient Dynamics and Trophic System Schel 1 30,537
in Nearshore Beaufort Sea Waters



TABLE III

University of Alaska OCS Project

Management Staff

Position Percent Effort Name

Coordinator Approximately 12% Donald H. Rosenberg

Data Managerl 50% Raymond S. Hadley

Keypunch operatorl 1 00% Monique Schamell

Typist2 Approximately 30% Helen Greschke

Note: 1 Funded directly from project

2 Funded from overhead
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TABLE IV

Submitted Data Batches

File I.D. File Type Cruise/Field Operation Submission Date

Task Order 1

UHIH

SU77B

NUTO04

NUTO05

NUTO06

Task Order 3

780414

Task Order 5
;

SHAWO1

SHAW02

*
SHAW03

SHAW04

Task Order 8

BFAY04

BFAY03

Task Order 15

FNO02

029

024

029

029

029

073

044

044

044

044

027

027

032

Helicopter 03/31/77-04/04/77

Surveyor 06/28/77-04/07/77

Discoverer 05/22/77-06/09/77

Surveyor 03/18/77-04/04/77

Surveyor 04/17/77-05/01/77

Field Season Data 1977

Aluminiak 08/14/77-08/25/77

Discoverer 03/25/76-03/27/76
05/22/77-06/06/77

06/77-11/77

Surveyor and Acona 05/05/77-11/15/77

End of 77 Season 07/10/77-12/01/77
All of 78 Season 03/11/78-08/29/78

Alaska Penn 6/77
St. Lawrence Island 7/77

Miller Freeman 3/76-6/76

12/19/78

12/04/78

05/09/78

05/09/78

05/09/78

05/09/78

12/04/78

03/29/79

03/29/79

03/29/79

01/17/79

06/28/78

06/28/78



File I.D. File Type Cruise/Field Operation Submission Date

FNO03

MWO02

Task Order 19

CMO023 &
CMO025

CMOO16
CMOO17
CMOO18
CMOO19

CMO11
CM012 .
CMO13
CM014 ~~~
CMO15

IMS814

MU61MS

IMS260

CMOO1
CMO02
CMO03
CMO04
CMO05

2561MS

CMO025
CMO026

2531MS

032

032

015

015

015

022

22

22

015

022

015

022

Miller Freeman 10/17/76-10/29/76

Moana Wave 03/30/76-04/15/76

Montaque Strait 11/12/77-05/01/78

Hinchenbrook  Entrance 11/14/77-05/01/78

GAS9B 04/20/76-07/24/76

Resubmission Surveyor 814
10/30/75-11./13/75

Moana Wave 09/13/76-09/19/76

Acona 04/21/78-05/08/78

Resubmission 07/22/76-11/02/76

Acona 02/16/78-02/25/78

Gulf of Alaska 07/02/74-10/08/74

Acona 11/01/77-11/17/77

06/28/78

06/28/78

11/07/78

11/07/78

08/02/78

07/24/78

07/24/78

07/24/78

06/28/78

05/09/78

01/25/79

11/08/78



File I.D. File Type Cruise/Field Operation Submission Date

Task Order 20

DIS761 032 Discoverer 03/17/76-03/26/76 09/28/78

Task Order 27

MICLSN 034 Season 76 07/10/76-09/04/76 01/77/79

PETE M Season 77 07/27/77-09/10/77

LARK03 035 Additional 76 Season 06/04/76-09/15/76 01/17/79

LARK02 035 1976 Field Season 06/04/76-09/15/76 06/28/78

LARK 035 1977 Field Season 05/19/77-09/20/77 05/09/78

ESPNBG 034 Cape Espenberg 06/22/76-09/12/76 03/29/79
05/22/77-09/24/77

Task Order 33

780518 073 Simpson Lagoon 8/77 06128178tiu
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: . .03-5-022-56 T/O NUMBER: 2

PRINCIPAL INVESTIGATOR: Mr. Donald H. Rosenberg

No environmental data are to be taken by this task order as
indicated in the Data Management P1 n. A schedule of sub-
mission is therefore not applicable?

NOTE : 1 Data Management Plan has been approved and made contractual.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 5 R.U. NUMBER: 275/276/294

PRINCIPAL INVESTIGATOR: Dr. D. G. Shaw

Submission dates are estimated only and will be updated, if
necessary, each quarter. Data batches refer to data as ident-
ified in the data management plan.

Cruise/Field Operation

Silas Bent Leg I #811

Discoverer Leg III #810

Discoverer Leg IV #812

Surveyor #814

North Pacific

Contract 03-5-022-34

Moana Wave MW 001

Miller Freeman

Glacier

Discoverer

Moana Wave

Acona

Discoverer

Acona

Surveyor

Discoverer

Collection Dates Estimated Submission Datesl
From To Batch 1 2 3

8/31/75

9/12/75

10/3/75

10/28/75

4/25/75

Last

2/21/76

5/17/76

8/18/76

9/10/76

10/7/76

6/25/76

5/20/77

6/22/77

11/03/77

5/4/78

9/14/75

10/3/75

10/16/75

11/17/75

8/7/75

Year

3/5/76

6/4/76

9/3/76

9/24/76

10/16/76

7/2/76

6/11/77

6/27/77

11/17/77

5/17/78

None submitted submitted

None None submitted

Submitted None submitted

None submitted None

submitted None None

submitted submitted submitted

None submitted submitted

submitted None None

None submitted None

None submitted s u b m i t t e d

None submitted submitted

submitted submitted submitted

submitted None None

submitted

submitted None None

3/31/79 None None
‘
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Cruise/Field Operation Collection Dates
From To

Discoverer

Alumiak

Note: 1

.,

8/29

8/3

Management

,,

9/2/78

9/2/78

plan has been

Estimated Submission Datesl
Batch 1 2 3

3/31/79 3/31/79 None

3/31/79 None N o n e

approved and made contractual.



OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE : March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 8 R.U. NUMBER: 194

PRINCIPAL INVESTIGATOR: Dr. F. H. Fay

Submission dates are estimated only and will be updated, if
necessary, each quarter. Data batches refer to data as ident-
ified in the data management plan.

Cruise/Field Operation Collection Dates
From To

Data as yet to be submitted:

Tugidak Is. July 1977

Surveyor Leg 4 4/16 - 4/20/78

Surveyor Leg 7 6/19 - 7/9/78

Tugidak 1s. May - June 1978

Alaska Peninsula May 1978

Priblofs 7/1 - 7/31/78

Alaska Peninsula 7/7 - 7/19/78

Lower Cook Inlet 8/14 - 8/18/78

Estimated Submission Datesl
Batch 1

Submitted

It

II

II

11

II

.
Note: ‘Data Management Plan has been approved by M. Pelto; we await approval

by the Contract Officer. Specimen data will be reported separately
in tabular format.

Information on histology of animals reported by others has been sub-
mitted, and those collected by P.I. are currently being assembled
by the P.I.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE : March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 12 R.U. NUMBER:
162/163/288/293/312

PRINCIPAL INVESTIGATOR: Dr. D. C. Burrell

Submission dates are estimated only and will be updated, if
necessary, each quarter. Data batches are identified as foot
notes. Only data due are listed.

Cruise/Field Operation Collection Dates Estimated Submission Dates
From To Batch 1 2 3

Acona 6/21 6/26/77 6/30/79*

Discoverer 5/25 6/5/77 6/30/79* 6/30/79*

Acona 246 7/25 7/30/77 6/30/79*

Volna 7/77 8/77 6/30/79*

Surveyor 3/31 4/27/77 6/30/79*

Surveyor 11/3 11/17/77 6/30/79 6/30/79*

Acona 254 11/20 12/4/77 6/30/79*-

Acona 260 4/22 4/26/78 6/30/79*

Discoverer 5/4 5/17/78 6/30/79* 6/30/79*

Acona 262 7/10 7/11/78 6/30/79 6/ 30/79

Discoverer 8/29 9/2/78 6/30/79 6/30/79

Acona 270 10/78 10/78 6/30/79*

Data Batch 1 Trace elements in water column
Data Batch 2 Trace elements in sediment or sediment extracts
Data Batch 3 Trace elements in biota

* Data appear in quarterly and annual reports, but still to be
submitted on tape.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 15/202 R.U. NUMBER: 5/303/281

PRINCIPAL INVESTIGATOR: Dr. H. M. Feder

Submission dates are estimated only and will be updated, if
necessary, each quarter. Data batches refer to data as ident-
ified in the data management plan.

.
Cruise/Field Operation

LCI

Surveyor

Surveyor

Surveyor

Miller Freeman

Miller Freeman

Miller Freeman

Kodiak

Yankee Clipper/Commando

Yankee Clipper/Commando

Yankee Clipper/Commando

Yankee Clipper/Commando

Yankee Clipper/Commando

Yankee Clipper/Commando

Miller Freeman

Miller Freeman

Scuba

Collection Dates Estimated Submission Dates’
From To Batch 1 2 3 43

032 032 032 023

77/11/4 - 77/11/16 None

78/3/27 - 78/4/2 None

78/8/13 - 78/8/22 None

78/5/8 - 78/5/16 None

78/6/6 - 78/6/16 None

78/7/12 - 78/7/22 None

78/4/8 - 78/4/21

78/5/1 - 78/5/22

78/6/8 - 78/6/21

78/7/9 - 78/7/21

78/8/8 - 78/8/23

78/11/4 - 78/11/17

78/6/19 - 78/7/9

78/3/21 - 78/3/24

78/5/4 - 78/10/30
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None

None

None

None

None

None

None

None

None

3/1/79*

3/1/79*

3/1/79*

3/1/79*

3/1/79*

3/1/79*

3/1/79*

3/1/79*

3/1/79*

3/1/79*

3/1/79*

3/1/79*

3/1/79*

3/1/79*

None

None

None

None

None

None

None

None

None

None

None

None

None

3/1/79

None

None

6/30/79

6/30/79

6/30/79

6/30/79

6/30/79

6/30/79

4/30/79

4/30/79

4/30/79

4/30/79

4/30/79

4/30/79

4/30/79

4/30/79

4/30/79



,,,
Cruise/Field Operation Collection Dates Estimated Submission Datesl

From To Batch 1 2 3 4 3

0 3 2 032 032 023
Scuba 78/5t,4 -. 78/5(19 None N o n e None 4/30/79

e ,.
Searcher 7817/27 - 7818/8 N o n e  ,,6/30/7,9 None Limited

data

Commando :,. ::: 79/3/5 - 79/3/19 .,None ,12/31:/79 ,None 12/31/79

Note: (l), Data Management,,Plan  andData Format have been approved and
are considered contractual.

. . . . . . . . . . . . .
(2) Only dirts which have not’been submitted are listed.

(3) Data batch 4 is feeding data,the proper format for submission
is 023.., ..:, ., , . . ~~

Data batchl = Gyab data,, Fi@ Type :03?,

2 = Trawl data, File Type032

3 = Pipe dre,dged ata, File Type 032

* Dat.a.,awaits return of keypuncher: from annual leave.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION

DATE: March 31, 1979

SCHEDULE

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 19 R.U. NUMBER: 289

PRINCIPAL INVESTIGATOR: Dr. T. C. Royer

Submission dates are estimated only andwill be updated, if
necessary, each quarter. Data batches refer to data as ident-
ified in the data management plan.

Cruise/Field Operation

Acona #193

Acona #200

Acona #202

Acona #205

Acona #207

Acona #212

Oceanographer #805

Silas Bent #811

Discoverer #812

Surveyor #814

Discoverer #816

Station 60

Station 64

Station 9A

Station 9B

Moana Wave MM 001

Moana Wave MWO03/004

Moana Wave MWO05

Moana Wave 006

Collection Dates Estimated Submission Datesl
From To Batch 1 2 3

7/1/74

10/8/74

11/18/74

2/12/75

3/21 /75

6/3/75

2/1/75

8/31/75

10/3/75

10/28/75

11/23/75

7/2/74

4/28/75

7/9/74

10/14/74

11/20/74

2/14/75

3/27/75

6/1 3/75

2/13/75

9/28/75

10/16/75

11/17/75

12/2/75

10/08/74

5/20/75

submitted None

submitted None

submitted None

submitted None

submitted None

submitted

submitted None

Submitted

(a)

submitted

(b) None

None Submitted

None (c)

Lost

None

None

None

None

None

None

None

None

None

4/20 7/24/76 - submitted submitted

2/21/76 3/5/76 submitted

4/20/76 5/21 /76 submitted

7/22/76 8/1/76 submitted

9/13 9/19/76 submitted
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Cruise/Field Operation Collection Dates Estimated Submission Datesl
From T o . Batch 1 2 3

Surveyor SU 003 9/7/76 9/17/76 submitted

Surveyor 9/20/76 10/’2/76 submitted

Miller Freeman 11/1/76 11/19/76 submitted

Moana Nave 10/7/76 11/16/76 submitted

Miller Freeman 3/9/77 4/2/77 submitted

Station 9C

Acona 248

Discoverer

Acona 253

Hinchinbrook

Montegue

Station 9D

Acona 256

Acona 260

Acona 264

Acona 266

Hinchinbrook

Monteque

Acona 271

Surveyor

Monteque

Note: 1

{a)

(b)
(c)

Data

7/22/76 11/2/76 ‘submitted ‘

8/11/77 8 / 14/77 submitted. .
. ,i

1 1 / 8 / 7 711/16/77 -submitted-. ~

11/10/77 11/17/77

11/10/77 9/19/78

11/10/77 9/19/78

11/3/76 3/29/77

2/16/78 2/25/78

4/22/78 5/8/ 78

7/31 8/12/78

9/17 9/30/78

..submitted

None Submitted Submitted

None Submitted Submitted

None Submitted Submitted

submitted

submitted

1/15/79

1/15/79

9/19/78 2/15/79 None 6/30/79 lost

9/19/78 2/1 3/79 None 6/30/79 6/30/79

2/12/79 2/17/79 6/ 30/79

2/8/79 2/21/79 6/ 30/79

2/13/79 Current

Data Management Plan and Data Formats have been approved
and are considered contractual.
Parent tapes were coded in PODAS format, tapes were submitted
to F. Cava as requested.
Data u?eless due to,malfunctionof  shipboard data logger.
In edit process. Development of computer editing program
has held up data.
Batch 1 = STD/CTD

2 = Current meter
3 = Pressure guage
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 23 R.U. NUMBER: 351

PRINCIPAL INVESTIGATOR: Ms. E. R. Dieter

No environmental data are to be taken by this task order as
indicated in the Data Management Pl n.

7
A schedule of sub-

mission is therefore not applicable .

NOTE: 1 Data Management Plan has been approved and made contractual.
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OCS COORDI~ATION  OFFICE

University ’of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

D A T E :  March 31; 19.79,,
CONTRACT” NUMBERi”’  03-5-022-56 T/ONUMBER: 24” R.U. NUMBER:

PRINCIPAL INVESTIGATOR: Mr. David M. Hickok

No en~ironmental  data are to be taken by this task order as
indicated in the Data Management Plan. A schedule of sub-
mission is therefore not applicable~. :

,,
. .

,..

NOTE: ‘ Data Management approved and made contractual.Plan has been
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 32 R.U. NUMBER: 537

PRINCIPAL INVESTIGATOR: Dr. D. M. Schell

Submission dates are estimated only and will be
updated, if necessary, each quarter. Data batches
refer to data as identified in the data management
plan.

Cruise/Field Operation

Dease
Sampling Trip 1

Elson Lagoon
Sampling Trip 1

Simpson Lagoon
Sampling Trip

Simpson Lagoon
Stefausson Sound

Smith Bay
Dease Inlet,
Elson Lagoon

Collection Dates
From To—

3/31/77

5/23/77

4/78 - 8/78

11/78

11/78

* In Keypunching, to be submitted in the next

Estimated Submission Datesl
Batch 1

6/30/78*

6/30/78*

3/31/79*

9/30/79

9/30/79

quarter.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/ONUMBER: 33 R.U. NUMBER: 529

PRINCIPAL INVESTIGATOR: Dr. H. S. Nafdu

Submission dates are estimated only and will be
updated, if necessary, each quarter. Data batches
refer to data as identified in the data management
plan.

Cruise/Field Operation Collection Dates Estimated Submission Datesl
From To Batch 1 2 3 4—

Archived Samples None 7/30/79 submitted10/30/78*

Simpson Lagoon 8/77 submitted 6/30/79 Submitted 10/30/78*

Barrier Islands 8/77 None 6 / 3 0 / 7 9 None None

Glacier 8/77 9/6/77 10/30/78* None submitted 10/30/78*

Summer ’78 Field
Season None None 6/30/79 None

* Data awaits coding and keypunching, will be submitted
next quarter.

1 Data Management Plan has been submitted to the Arctic Project Office.
We await approval.
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OCS COORDINATION OFFICE

University of Alaska

ENVIRONMENTAL DATA SUBMISSION SCHEDULE

DATE: March 31, 1979

CONTRACT NUMBER: 03-5-022-56 T/O NUMBER: 34 R.U. NUMBER: 530

PRINCIPAL INVESTIGATOR: Dr. P. Jan Cannon

No environmental data are to be taken by this task order
as indicated in the Data Management Plan. A schedule of
submission is therefore not applicable.

I Data Management Plan has been submitted to the Arctic Project Office.
We await approval.
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ANNUAL REPORT

Contract #03-5-022-56
Research Unit #351
Task Order 23
Reporting Period 4/1/78 - 3/31/79
Number of Pages - 3

R/V ACONA AND MARINE LOGISTICS SUPPORT

Ms. E. R. Dieter
Institute of Marine Science

University of Alaska
Fairbanks, Alaska 99701

March 31, 1979
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I. Summary of Objectives

This project provides logistics and vessel time support for portions of
the NOAA program. Provided is technician support for all of the sea-
going projects funded through the University of Alaska contract. Required
ship time for the R/V Acona is also funded and monitored through this
project.

II. Introduction

Not applicable.

III. Current State of Knowledge

Not applicable.

Iv. Study Area

Not applicable.

v. Sources, Methods, and Rationale of Data Collection

Not applicable.

VI. Results

A. A limited amount of marine technician support is funded under this
project to support University of Alaska’s OCS cruises, and support
non-University OCS investigators in the use of the R/V Acona. The
technician is shared between the Seward Station and IMS, Fairbanks.
At the Seward Station he is responsible for maintenance, storage and
transfer of equipment used on OCS cruises as well as direct technical
support at sea, primarily aboard the R/V Acona, while at IMS, Fair-
banks, he provides internal data processing support to OCS projects
and participates in numerous cruises as a general technician for OCS
both on the Acona and NOS vessels.

B. Logistics Travel

Research and vessel support travel has been provided in this project
for the transportation of support personnel handling logistics.

c. R/V Acona

During the reporting period the R/V Acona has sailed in support of
NOAA/OCS cruises as follows:

4/22 - 4/25/78 Gulf of Alaska Royer/Burrell
4/27 - 5/8/78 Gulf of Alaska Royer/Burrell
7/31 - 8/12/78 Gulf of Alaska Royer
9/17 - 9/30/78 Gulf of Alaska Royer
2/12 - 2/17/79 Gulf of Alaska Royer
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VII.

VIII.

IX.

x.

Discussion

Not applicable.

Conclusions

Not applicable

Needs for Further Study

Not applicable.
,.’

Summary of Fourth Quarter Operations

A. Ship of Laboratory Activities

The R/V Acona sailed between 2/12 - 2/17/79, during the last
quarter in support of OCS.

B. Results

None

c. Problems

None

.,. .-. .’ .:.,
. . .



A N N U A L R E P O R T

1 April 1978 - 31 March 1979

RU 362

OCSEAP DATA BASE MANAGEMENT SUPPORT

John J. Audet

NODC OCSEAP Data Coordinator

31 March 1978
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DATA PROCESSING

A.

B.

c.

D.

The majority of digital data sets received this
logical which is similar to last year’s trend.
data sets received increased from 274 last year

past year have been bio-
The number of biological
to 414 with the total

for all data received increasing from 396 to 522 (Table l.).

Table 1.

Data, Data ReporEs and ROSCOPS Received
for April 1978 through March 1979

Total
Apr-Jun 78 Jul-Sep 78 Ott-Dec 78 Jan-Mar 79* Total Last Year

Digital Data

Biological 218 28 108 60 414 274
Physical 52 35 9 1 97 78
Chemical 3 1 0 2 6 21
Geological o 1 0 0 1 2
Non-OCSEAP Format+ 1

TOTALS 274
2

-E
1

118
0 _4_ 11

63 522 396

Seismic and
Epicenter Data 2 2 0 0 4 8

Data Reports 30

ROSCOPS 46

18

60

15

99

5

33

68

238

136

184

*Through March 15.
~on-OCSEAP refers to digital data sets received in non-OCSEAP formats and
includes surface pressure, microbiological and certain fish specimen data.

Developments in data checking over the past year have resulted in more
intensive and comprehensive reviews of the data including specific data
ranges, acceptable format and taxonomic  codes and reported precision,
all of which result in a much greater number of errors and problems to
be resolved before final processing is completed. This checking effort
is now being supplemented by RUS 370/497 and RU 527 for pre-checking
selected biological file types.

Improvements in data checking have provided investigators and Project
Office personnel with substantial information for evaluating the con-
tractual digitized versions of their data results. In most cases, the
Data Center must rely on the responsiveness and interest of the investi-
gators to assure an accurate final processed version of their data for
inclusion in the OCSEAP data base. This interest is increasing as more
detailed digital data reviews are developed.
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Check runs have been distributed over the past year to 46 different inves-
tigators for 25 different file types. A total of 1016 data sets have been
checked this past year including many that had been checked in prior years
before the more comprehensive checking programs were developed.

NODC has kept pace with data submissions by completing processing of 518
data sets since last March (Table 2.), an increase of nearly 100 data
sets over last yearts effort. The totals for this year include the pro-
cessing of data for master tapes and therefore include some data that were
considered final processed earlier but had not been subjected to the more
intensive checking.

Table 2.

Comparison of Digital Data Final Processed
during the Past Three Years

Total Apr-Jun Jul-Sep Ott-Dec Jan-Mar*

1978-79 518 168 50 64 236
1977-78 434 215 41 81 97
1976-77 91 10 24 20 37

~Through March 15 of each year.

The status of all data received to date is summarized for each major dis-
cipline in Table 3. Over 65 percent of all data are final processed with
only 9 percent currently undergoing processing. The status by individual
file types is listed in Appendix A.

Table 3.

Status of Data Sets by Discipline
through March 15, 1979

Received Final Processed In Hold In Processing

Biological 1157 736 331 90
Physical 305 243 41 21
Chemical 38 1 20 17
Geological 7 3 3 1

.—

TOTALS 1507 983 (65%) 395 (26%) 129 (9%)
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The number of data sets ‘in hold’ is beginning to be reduced as a result
of Project Office follow-up memos concerning required actions by investi-
gators on data initially discussed in memos accompanying their check run
results. The number is further expected to be reduced as taxonomic code
problems are resolved for many of the biological data sets through the
help of Mike Crane’s Anchorage facility working with NODC personnel.

As the final step in final processing, originator tapes are returned to
investigators; a total of 102 magnetic tapes were returned this year to
16 different investigators or their data processors.

The number of master or archive tapes now totals 12 files containing
OCSEAP data compared to 3 last year. Supplementing prior master files
for 015 (Current Meters), 029 (Primary Productivity), and 043 (Hydrocar-
bons), are the following:

017 - Pressure Gauges
021 - Trace Metals
022 - STD/CTD (data are assembled on several tapes--data checking

completed on an individual basis)
024 - Zooplankton (converted to file type 124)
028 - Phytoplankton
032 - Benthic Organisms (additional check by Crane underway)
056 - Lagrangian Currents
063 - Marine Invertebrate Pathology
101 - Wind Data

All biological file types have had taxonomic codes converted to the NODC
taxonomic  codes during this process. A total of 1400 data sets are con-
tained on 18 NODC master files; approximately 50% consist of OCSEAP data
sets.

A summary of the data distribution by lease area for data received to
date is included in Appendix B. The revised Part II of the Data Catalog,
which should be published within the next two months, will provide more
detail concerning data for each lease area.

In other data processing actions the following items are noted:

- A coding form was developed for investigators to submit hydrocar-
bon data (File Type 044).

- NODC personnel participated with Program and Project Office per-
sonnel and investigators in the development of inputs for new
marine bird formats - Marine Bird Specimen (031) and Marine Bird
Colony (135).

- A memo was distributed on September 14, 1978 to Program and Pro-
ject personnel detailing the steps necessary for pre-processing
the designated file types to be completed by Crane and Petersen
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FORMAT

Format

prior to NODC final processing. These steps are now being car-
ried out (with minor modifications) for File Types 023, 025,” 031
and 032 (Crane) and 033,034, 038 and 135 (Petersen).

Efforts are underway to develop several plot products and possi-
bly format output listings to supplement the data checking results
and provide investigators with additional information for a review
of their digital data submissions. Annotated station location
plots are planned for the first plot product to accompany the check
results.

DEVELOPMENT

updates and modifications, identified as ‘FACT’ sheets, were dis-
tributed-in the past year to OCSEAP data management personnel and PIs as
follows:

Number of
Distribution Date Formats Modified Codes Modified

,3/16/78 025, 030, 033 11
61 1/78 024, 032, 038 4
9/12/78 023, 024, 029, 038 9

11/ 8/78 013, 023, 024, 025, 044, 063 8
3/13/79 013, 021, 023, 028, 037, 044, 11

057, 063, 124

Distribution of complete formats and codes (DDF versions) were forwarded
to all FY78/79 investigators on May 8 for Juneau Project Office PIs and
on November 22 for Arctic Project Office PIs. This amounted to a total
of 220 copies of formats including OCSEAP management copies.

The final draft version of File Type 135 was received from the Program
Office in May 1978 and the automated version distributed with other OCSEAP
formats to data management personnel (but not PIs) on January 10, 1979.
The final DDF version of the new Marine Bird Specimen (File Type 031) was
distributed to OCSEAP personnel and PIs on November 20, 1978 following
the final review of the June 28 version by Program and Project Office per-
sonnel and marine bird investigators.

All OCSEAP formats and codes were entered on an automated system (WYLBTJR)
for more efficient management and retrieval. Distribution of Part III
of the Data Catalog, which included OCSEAP formats and codes, a parameter
index and an inventory of codes for each format, was completed in January
1979. Distribution was limited to OCSEAP management personnel to allow
for a final review which was requested to be completed within a month of
distribution. An updated version of all OCSEAP formats and codes (and
all other project formats) has been completed within the past month. As
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few modifications have been received from OCSEAP, the formats are now
considered available for distribution to investigators; this action will
be completed within the next month.

Modifications to seven biological formats to accommodate the NODC 12-digit
taxonomic codes and distribution of both the DDF and the automated ver-
sions with these changes was completed.

A revision of the zooplankton format (024) was completed and all data
received to date converted to the new format (File Type 124).

A list of all formats used by OCSEAP investigators and their current date
are listed in Appendix C.

DATA REQUESTS

A total of 106 requests for data, data products and OCSEAP data reports
have been received by NODC and NGSDC this past year. Only requests that
have been coordinated through the NODC OCSEAP Data Coordinator are included
in this total. Routine requests for data formats, data tracking system
products and copies of the Data Catalog and NODC Taxonomic Codes also are
excluded from this total and are discussed elsewhere in this report.

As expected, the majority of requests for OCSEAP data continue to be from
OCSEAP offices and PIs. The number of requests in these categories has
nearly doubled from last year as shown in Table 4. Examples of the more
relevant requests received during the year are listed in Table 5.

Table 4.

Summary of Data Requests (April 78-March 79)

Requestor

BLM

OCSEAP
Offices

OCSEAP PIs

Non-OCSEAP

Data Type Apr-Jun 78 Jul-Sep 78 Ott-Dec 78 Jan-Mar 78

OCSEAP o 0 0 0
Archives o 0 0 0

OCSEAP 16 6 6 7
Archives 1 1 1 2

OCSEAP 5 6 11 5
Archives 2 1 3 5

OCSEAP 3 4 5 1

Total

o
0

35
5

27
11

13

Total
Last Year

5
0

16
1

16
5

Requesters Archives NA NA NA NA NA NA

Special MGMT NA 5 2 5 3 15 --
Requests

TOTALS 32 20 31 23 106 54
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Table 5.

Examples of Data Requests Completed in the Last Year

Date Completed Requestor Description

Plots of selected bird species distribution
on UTTl map projection in Lower Cook.

4/78 Arneson, ADF&G
(RUO03)

Cava, JPO4/78 List of all OCSEAP data reports received to
date by NODC.

Inventory of OCSEAP offshore data for NEGOA,
Lower Cook and Kodiak areas.

4/78 Robertson, Corps of
Engineers

Inventory of offshore environmental dataNattl Park Service$

Fairbanks

SAI, Boulder
(RU 468)

5/78

6/78

for Glacier Bay area.

Data synthesis product applications -
● Location of walrus hauling-out areas
● Seasonal presence of Mallard and Pintail

ducks and shearwaters
● Seasonal distribution of selected ground

fish and benthic species with catches
exceeding 100 and 1000 lbs/hour,
respectively.

c Dynamic height contour plots
s prf~ry productivity contour plots.

Annotated bottom temperature plots for
Chukchi Sea.

6/78

6/78

8/78

8/78

Harrison, U. Alaska
(RU 468)

Magnetic tape of grain size data for Bering
Sea surveys.

Vigdorchick, INSTAAR
(RU 516)

Magnetic tape copies of selected IMS CTD
surveys for NEGOA.

Pease, PMEL
(RU541)

Lowry, ADF&G Formatted listing of RU 5/502 b==nthic data
for Bering/Chukchi Seas for selected species.

data listing for Beaufort Sea sta-

meter data for summer months in St.
area of Bering Sea.

and magnetic tape of all Nansen/STD

Thibodeaux, L.S.U. STD/CTD
tions.

Current
George

Listing

8/78

8178

9/78

NMFS, Kodiak

Pelto, .JPO
data for area east of NEGOA.
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Date Completed

10/78

Requestor Description

Carey, Oregon St.
(RU 006)

Tape copies of Beaufort Sea OCSEAP data for
CTDS, zooplankton, phytoplankton, primary
productivity, ice drift and benthic data
for all lease areas.

11/78

11/78

12/78

Hall, USFWS
(RU 481)

Formatted listing of OCSEAP mammal sighting
data for the Gulf of Alaska.

SAI, Boulder
(RU 468)

OCSEAP lease area maps and earthquake seis-
mic charts.

Bottom temperatures within 3 days/5 miles
of selected trawl locations in the Bering
and Chukchi Seas (200 sta.).

Lowry, ADF&G

12/78 Ingraham, NMFS Tape copy of selected OCSEAP STD/CTD data
(29 cruises).

12/ 78 Tobias, ADF&G Temperature and salinity data for Hotham
Inlet, Alaska.

12/78

12/78

Ludwig, PMEL Formatted listing of selected OCSEAP CTD
data sets.

Wakefield, House
Approp. Sub-Comm.

OCSEAP catalogs and data management
information.

12/78 Wormuth, Texas A&M Listing of selected OCSW zooplankton col-
lected by RU 425.

12/78

1/79

Crane, Anchorage
(RU 497)

Tape copy of RU 417 intertidal data to
review for taxonomic code problems.

SAI, Boulder
(RU 468)

Walrus behavior summary plots for Bering
and Chukchi Seas.

1/79 Petersen, U. of RI
(RU 527)

Copy of land mass file on magnetic tape
with coastline and map plotting subroutines.

2f79 Royer, IMS
(RU 289)

Tape copy and listing of USCG station data
for Gulf of Alaska – continuing request.

2/79 Farentinos, Program
Office

Walrus behavior plots incorporating data
from both mammal sighting formats.

2j79

3/79

Wesnousky, Lamont-
Doherty

Hypocenter data listings for selected lease
areas.

Dynamic height contour plots and temperature/
salinity/density profiles for Hinchinbrook
Entrance

SAI, Boulder
(RU 468)
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Although no BLM requests for ’OCSEAP data have been directed to the Da”ta
Centers the past year, Mike Crane has been working with 13LM-Anchorage per-
sonnel throughout the year in developing prey-predator matrices for selected
OCSEAP data and answering other questions concerning OCSEAP data and inven-
tories.

The category ‘special management requests’ has been added to the summary
table to differentiate these requests from routine management activities
and data product requests. These requests, which include specific ROSCOP
or DDF inventories, special sunmaries  of data sets, DTS information, or
other” management services
data requests.

, were included in past years under OCSEAP Office

In other request activities, both NODC and NGSDC have completed OCSEAP data
request forms which are now distributed with copies of catalogs and completed
data product requests.

DATA PRODUCT DEVELOPMENT

The major new product development efforts for the past year concerned prod-
ucts to support the OCSEAP annual technical summary report and data syn-
thesis activities for Science Applications, Inc. Existing NODC programs
were adapted to OCSEAP data for such products as seasonal location and
abundance of specific marine mammal and bird species, seasonal distribu-
tions of fish and benthos, graphic summaries of mammals by behavior groups,
ice and water movement plots, hydrocarbon
charts and bottom temperature summaries.
height anomaly contours, current vectors,
salinity profiles also were provided.

—
and primary productivity contour
Standard products such as dynamic
rotary plots, and temperature/

As~ biological data began. to be received in the new NODC taxonomic codes,
existing programs required modification to retrieve data in either Alaskan
or NODC codes and to convert the codes to the same species names for re-
quested summaries or plot products.

The improved land mass file received through NGSDC was adapted to NODC’S
computer system and is now being used in all products for OCSEAP manage-
ment and investigator requests.

Work is currently ‘underway to adopt portions of the SAI biostatistics  com-
puter package to OCSEAP file types. Initial,efforts using file type 032
(benthic  organisms) will include graphic presentations such as dendrograms,
kite diagrams and other statistical plots.

Forms for requesting OCSEAP data and for evaluating OCSEAP products received
from the Data Center have been developed and distributed to OCSEAP data
management personnel and now accompany all completed data requests.
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DATA INVENTORIES AND CATALOGS

Distribution of 300 copies of Part I (revised) and Part II of the OCSEAP
Data Catalog was completed during August and September 1978. Distribution
included OCSEAP, NOAA and BLM personnel, OCSEAP investigators, User panel
members and all individuals or institutions requesting copies. Informa-
tion was included for each digital data set received through May 1978 by
NODC, NGSDC and NIH. With Program Office assistance, broad environmental
regions were established to incorporate nearly all OCSEAP-related obser-
vations in one of the nine lease areas.

A computerized mailing list was developed by the Technical Records Branch
at NODC to accommodate future OCSEAP mailings. Updates and deletions will
be completed as this information is received from the Program and Project
Offices through data tracking updates or other information sources.

As all copies of Part II have been distributed, it has been decided to
update and print approximately 400 copies of a second revised Part 11
rather than reprint the June 1978 version. A new version of Part I which
involves relatively expensive computer plotting and additional editing
and labor costs will be published and distributed later in 1979 at which
time a third version of Part II also will be completed. The revision of
Part I may include seasonal plots.

Distribution and other activities concerning Part 11 of the Catalog - Data
Formats, has been discussed previously under Format Development.

Initial efforts are underway to identify specific graphic products that
can be readily provided or derived from current OCSEAP file types (Part
IV, of the Catalog), providing data have been submitted in the proper for-
mat and supported by adequate documentation. A draft version of this part
of the Catalog is planned for June.

An inventory has been completed for all parameters submitted to date for
some of the master file types. This information, when completed for all
master tapes, together with similar planned data submission inventories
for FY79/80 data, will be used to support Project Office evaluations of
PI contract compliance and format usage of ‘core’ parameters for future
format modifications.

Twenty copies of the OCSEAP Data Tracking System, sorted by either RU,
Discipline or Project Office, and a similar number of File Type Summaries
have been distributed each quarter to OCSEAP and BLM personnel. Updates
and changes to the tracking system over the past year amounted to over
1500 new data records and nearly 10,OOO individual parameter modifications.

TAXONOMIC CODE DEVELOPMENTS

A revised, updated version of the NODC taxonomic code was distributed to
OCSEAP management and investigators in June 1978; approximately 75 copies
were sent to OCSEAP personnel.

361

.- . . ..



Three major problems concerning taxonomic codes occurred during the past
year. The use of codes for species groups, previously indicated as accept-
able codes by the Program, were determined at the Asilomar  data management
meeting to be not relevant for the OCSEAP data base. The codes were to
be specified as internal codes, not to be maintained by the Data Center
and not to be used in the future by investigators. Information concerning
species groups could however, continue to be included in text records but
would not be considered as retrievable data. A memo to this effect was
distributed by the NODC OCSEAP Data Coordinator to OCSEAP management on
September 29, 1978 requesting that any further action be taken by the Pro-
gram and Project Offices.

The second problem concerned the submission by some investigators of taxo-
nomic codes developed prior to the official distribution of the Alaskan
code file in early 1976. Although many of these ‘pre-Alaska’  codes have
been verified as identical to Alaskan codes, some codes may identify dif-
ferent species entirely. Corrections must be completed on a data set by
data set basis; Mike Crane’s Anchorage facility will be assisting in this
effort by checking certain file types and interfacing with investigators
known to be using this earlier unofficial list of codes.

Finally, it became necessary to modify all biological data formats to
accommodate the NODC 12-byte taxonomic  code. These changes have been com-
pleted and distributed to all OCSEAP personnel via ‘FACTr sheets and the
automated versions of each format.

Mike Crane’s office is maintaining an up-to-date file of both Alaskan and
NODC codes as supplied by NODC to assist in checking and preliminary pro-
cessing of selected OCSEAP data files and to provide species information
such as summaries and prey-predator lists to investigators and BLM per-
sonnel.
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Summary of Fourth Quarter (January - March 1979)

Data Base Management Activities
(through March 20, 1979)

DIGITAL DATA

A total of 71 data sets were received this quarter (43 in January, 19 in
February and 9 in March), 235 data sets were final processed and check
run results were sent to investigators for 231 data sets.

DATA REPORTS

Only five data reports were entered as received in the tracking system
this quarter, all in January. These reports concerned fish, sea ice,
geology and geophysics. A total of 331 reports have been entered in the
tracking system to date.

ROSCOPS

Forty-three ROSCOPS were received this quarter (13 in January, 27 in Feb-
ruary and 3 in March) for a total of 669 ROSCOPS to date. ROSCOPS were
received this quarter from USGS, NMFS, ADF&G, University of Alaska, Uni-
versity of California and Dames and Moore.

DATA REQUESTS

Data requests received and/or completed this quarter included the following:

. Summary plots of walrus behavior groups for SAI and the Program
Office.

. Temperature, salinity and density plots, listings and tape copies
for Tom Royer (IMS), Nelle Terpening (ADF&G), Lloyd Lowry (ADF&G),
and Ed Sobey (SAI).

. Tape copies of selected OCSEAP biological data sets for Mike Crane.

● Tape copy of the new land mass file and associated plot subrou-
tines for Hal Petersen (uRI).

● Formatted output listings of mammal sightings for Don Calkins
(ADF&G) .

● USCG and other archival ocean station data for Mauri Pelto and
Tom Royer.
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● Magnetic tape
Doherty).

. Contour plots

FORMAT DEVELOPMENT

A final draft version

copy of hypocenter data for Steve Wesnousky (Lamont-

of dynamic height anomalies for Ed Sobey.

of Part II, the automated version of OCSEAP-related
formats, codes and cross-reference information was distributed to OCSEAP
management personnel for their review prior to distribution to individual
investigators.

A ‘FACT’ sheet of all DDF versions of format modifications, code updates
and revised layouts was distributed to OCSEAP management and investigators
on March 20, 1979.

DATA PROCESSING

Master tape documentation was completed and sent to investigators and
OCSEAP management for File Types 021.- Trace Metals and 032 - BenthiC
Organisms.

Thirty-three originator tapes were returned to investigators this quarter.

A summary of all data sets ‘in holdf and an indication of where the action
is required was distributed to OCSEAP management on February 2, 1979.

A further improvement of the check programs was completed by Chris Noe
which summarizes the precision reported for each parameter and checks for
specific allowable codes rather than a range of codes.

DATA PRODUCTS

The recent mammal behavior group plot represented the first OCSEAP product
to incorporate data from more than one PI and from more than one file
type (026/027). Similar products are anticipated for products other than
walrus groups.

Some progress has been made to develop dendrogram plots for sample benthic
organism data’ (File Type 032), adapting an SAI (La Jolla) biostatistics
package received several months ago.

A product evaluation form has been completed and is now enclosed (with a
return envelope) with each completed request along with a blank OCSEAP data
request form.
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TAXONOMIC CODES

A copy of the ‘pre-Alaska’ codes was received from Dames and Moore per-
sonnel through Mike Crane’s assistance to help NODC evaluate the differ-
ences between these ‘unofficial’ codes and the Alaskan codes distributed
by NODC in early 1976.

Additions and changes to the taxonomic codes were forwarded to Mike Crane
to maintain an updated file at the Anchorage facility.

DATA CATALOGS AND INVENTORIES

Work is progressing to complete a revision of Part II which is anticipated
for distribution by May 1979. New files from NGSDC--Grain Size (073) and
Epicenter Data (401)--and from NIH--Microbiology (402)--are being incor-
porated in this catalog.

ADMINISTRATIVE

The N80 planning meeting was held in Boulder and inputs to the informa-
tion management cluster were discussed.

A list of RU 362 achievements and a tentative FY80 budget were provided
to Toni Johnson during her visit to NODC in March.

Hal Petersen and two of his staff visited NODC in March and discussed
NODC’S data processing and data tracking activities.
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ADMINISTRATIVE

The anticipated EDIS replacement of
UNIVAC system has been delayed, the
on OCSEAP data management functions

the IBM computer system with a new
result of which has been little impact
with the exception of loss of person-—

nel at times for mini-computer and UNIVAC training purposes.

The new mini-computer at NODC is operational and has been utilized a num-
ber of times for resolving tape reading problems and for obtaining rapid
answers to other data processing problems.

A list of
report as

the major meetings and briefings for RU362 is included in this
Appendix D. An updated milestone chart is attached as Appendix E.

PROBLEMS

To effectively manage the data format and code modifications, control of
requested input parameters and related format structure must become more
of a Data Center responsibility. There has been a continuing increase
and need for standard output products such as formatted listings, graphics
and statistical packages. In addition, the multi-project use of many’of
the current formats further demonstrates the need for central control by
Data Center personnel. The scientific expertise of various Project person-
nel and investigators obviously will be needed to help support this activity
at the Data Center level but this approach appears to be necessary to ful-
fill the variety of Project and Program product needs.

The timely response to many OCSEAP data requests is still often the result
of time spent by Data Center personnel to identify data sets that contain
the necessary parameters to provide the requested product. Generation of
new software for some of the more specialized products and computer system
‘down-time’ also may delay completion of requests. These factors often
prevent a realistic estimate of a completion date. It is anticipated that
a package of ‘shelf item’ products to be described in Part IV of the Cata-
log will help reduce this problem by indicating those products that can be
prepared within a reasonable length of time (where data are adequate and
of sufficient quality to provide the required products).

Procedures recently outlined by the Juneau Project Office for requesting
data and data products of the Data Centers (the Cava memo of February 8,
1979) may cause serious delays in responding to urgent requests and in
some cases may imply that a product is forthcoming before the Data Center
is even involved where further investigation shows that such a product
is not feasible or will require time or manpower that are not justified
by the request or cannot meet the requestor’s deadline.

In terms of taxonomic  codes, all users of the pre-Alaska codes must be iden-
tified and editing of their data submissions completed separately to cer-
tify that all species are properly coded. This action and some instruction
to investigators concerning species group codes must be completed by the
Project or Program Offices if the Data Center is to improve the quality of
the data base and the retrieval of taxonomic data.
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GOALS (Next Quarter)

● Complete and distribute a revised Part II of the Data Catalog.

● Distribute the automated version of formats and codes (as included
in Part III of the Catalog) to all current OCSEAP investigators.

● Complete a first draft of Part IV of the Data Catalog which will
provide sample graphics and plot products for each file type used
by OCSEAP investigators.

● Complete additional parameter inventory summaries based on master
tape efforts far those file types used by OCSEAP.

● Distribute quarterly ‘FACT’ sheets to provide all OCSEAP personnel
with up-to-date DDF versions of formats, codes and layouts.

● Supplement and update the Anchorage facility’s master or crunch
tapes and provide selected plot tapes for reproducing multiple
plot products at different scales and on different materials (such
as Mylar) as requested by OCSEAP offices and BLM.

“ Continue to provide investigators and OCSEAP offices with updates
and additions to the NODC taxonomic code file.

367

1,



File Type

013
015
017
0 2 1
022
023
024 ‘“
025
026
027
028
029
0 3 0
032
033
034
035
0 3 7
040
043
044
056
057
061
063
072
0 7 3
101

TOTALS

APPEtiIX  A.

OCSEAP File Type Status - March

Rc’d tio Date

6’
, 105

19
11’
87.

183
49,’
41
34.

2 1 1  ,
5 8

.

162
26
32

203”
B,

58
8

33.
11.
1
87
44
15
1
1
6
7

1507

Final Processed

1
60
16
0

76
146
33
7

34
141
57

155
14
27
59
6
3
8
0
1
0

8.5
44
0
1
0
“3
6

983 (65%)

15, 1979

Data In
Data in Hold Processing

5 “
31
0
u 1
1 0
30

0
703
0
0

11
3
894

0
555
0

336
97
0
0
0

0
14
3
0
1
7
1 5
o
0
0
1
7
1
2

55
2

‘ o
o
0
1
1
2
0

0 158
0 0
1 0
2 1
0 1

395 (26%) 129 (8%)

N O T E S
~ing for final review of check run results by PI.
2Waiting for additions from PI and updates from Crane.
3Waiting for response to check run results from PIs.
4Received annotated  ~orrections from pI for 77 data sets 2/78-edit underway.

5Waiting for decision for conversion to File Type 135.
6Waiting for final updates from PI/Crane.
7Waiting for final review of check run results by PI.
8Waiting for DIP modification by NODC (for variable parameters).
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APPENDIX B.

Data Distribution by Lease Area (through March 15, 1979)

Lease Area Codes

File Type

013
015
017
021
022
023
024
025
036
027
028
029
030
032
033
034
035
037
040
043
044
056
057
061
063
072
073
101

Total
Data Sets

6
105
19
11
87

183
49
41
34

211
58

162
26
32

203
8

58
8

33
11
1

87
44
15
1
1
7
7

Lease Area Codes

1 - NEGOA
2 - Lower Cook
3 - Kodiak
4- St. George
5 - Beaufort
6- Bristol
7- Norton
8- Aleutians
9- Chukchi

~

0
26
8
5

40
27
13
10
0

56
10
19
3
9

59
0
3
1
6
5
0
8
0
7
0
1
3
3

2—

0
0
0
3

19
11
24
4

]:
5

10
10
3

31
0
0
0

20
5
0
0
0
4
0
0
0
0

>

1
15
0
5

34
50
13
10
0

62
10
18
5

10
78
0
0
7
6
5
0
3
0
6
0
0
0
0

~

5
14
7
2

26
49
10
2

11
29
10
13
2
2

35
2

46
1
1
2
0
7
6
7
0
0
2
0

~

0
1
0
0
5
2
2
6
4
1
3
4
8
9

77
2
0
0
0
0
1

38
0
1
0
0
1
4

6—

4
10
4
3

22
29
9
1

15
2]
5
7
1
4

22
0
0
1

12
2
0
3

33
5
0
0
2
0

~

0
0
0
0
8

28
2

11
18
11
0
0
1
1

15
2
6
0
0
1
0
0

10
1
1
0
1
0

g

0
4
0
2

14
37

1
0
4

36
8

33
4
0

27
0
0
3
8
2
0
0

16
2
0
0
0
0

NOTE : Many data sets have stations
in more than one lease area.

~

o
3
1
0
4
1
1
3
6
6
0
0
3
1

25
2
3
0
0
1
0
8
2
1
1
0
1
0
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APPENDIX C.

Current Formats for OCSEAP Investigators

File Type

013
015
017
021
022
023
024
025
026
027
028
029
030
031
032
033
.034
035
036
037
038
040
043
044
056
057
061
063
072
073
101
123
124
135

Name

Fish Pathology
Current Meters
Pressure Gauges
Trace Metals
STD/CTD
Fish Resource Assessment I
Zooplankton I
Marine Mammal Specimen
Marine Mammal Sighting II
Marine Mammal Sighting I
Phytoplankton
Primary Productivity
Intertidal Data
Marine Bird Specimen
Benthic Organisms
Marine Bird Census (Ship/Aircraft)
Marine Bird Census (Land)
Marine Bird Colony I
Marine Birds - Ship Followers
Marine Birds - Feeding Flock
Migratory Bird Sea Watch
Marine Bird Habitat
Hydrocarbon I
Hydrocarbon 11
Lagrangian Currents
Herring Spawning
Trace Elements
Marine Invertebrate Pathology
Beach Profiles
Grain Size Analysis
Wind Data
Fish Resource Assessment 11
Zooplankton II
Marine Bird Colony 11

+Incorrectly dated 2/20/76 on distribution copy.
ATemporarily removed from file for revisions.
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Most Recent Update
(automated version)

3/ 5/79
1/10/79+
7/ 1/76
3/ 5/79
9/16/76
3/ 5/79

10/ 6/78
9/11/78
1/19/77
5/24/77

12/ 8/78
7/ 7/78
3/13/78
6/15/78
2/11/77
1/18/78
6/29/77

(not included)
2/20/76
1/11/77
7/ 7/78
1/21/77

11/ 9/77
3/ 5/79
1/ 5/77

12/ 8/78
9/ 9/77
3/ 5/79
3/10/77
2/ 7/77
8/23/76

12/12/78*
11/ 6/78
2/ l/78~



Major OCSEAP Meetings Involving RU 362
(April 1, 1978 to March 31, 1979)

4/78

4/78

6/78

6/78

7/78

8/78

8/78

10/78

10/78

2/79

2/79

3/79

BLM-Anchorage personnel Arbegast and Morris and John Murphy of the
Program Office met at NODC to discuss data management, processing
and the data retrieval capabilities for RU 362.

Joe Dygas (BLM-Anchorage)  briefed by NGSDC personnel on NOS files
and other data holdings.

Toni Johnson briefed by NODC personnel on data processing, data
requests, taxonomic codes and other OCSEAP activities.

Audet attended meeting with Micah Krichevsky, Ron Atlas and Lois
Killewich at NIH to discuss microbiology data base and its manage-
ment.

OCSEAP Data Management Meeting at Asilomar - EDIS attendees included
Picciolo, Noe, Loughridge, Audet, Crane, Falk and Ross.

Boulder mini-data management meeting - Elaine Collins, Mike Crane
and Jim Audet met with Program and Project Office personnel to
discuss details for data processing priorities, revision of work
statements and other Data Center activities - Carol Potter and
Peter Sloss attended some of the sessions for NGSDC.

Mike Crane met with NODC personnel in Washington to resolve prob-
lems concerning Arctic PIs, data checking procedures, parameter
inventories, and FY79 work statement revisions.

Kent Hughes and Jim Audet met with Program Office personnel in
Boulder to discuss NODC’S future role in project data management.

Fischer and Audet represented EDIS at the Physical Oceanography
and Meteorology Workshop at Orcas Island, Washington.

N80 Objectives meeting held in Boulder - EDIS representatives
Audet, Crane and Sloss attended to discuss RU370/497 and RU 362
objectives. Inputs to a proposed ‘Information Management Cluster’
also were discussed.

Hal Petersen (URI) met with NODC personnel to discuss key entry
systems, mini-computer and remote terminal applications for OCSEAP
use.

Toni Johnson visited NODC to discuss various aspects of data man-
agement and objectives and achievements of RU362.
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3/79 Hal Petersen visited NODC with other URI staff to discuss aspects
of data processing and data products.

---- A number of meetings were held throughout
viduals and groups during Wayne Fischer’s

the year with NODC indi-
periodic visits to NODC.

,,.
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I. Introduction

The Outer Continental Shelf Environmental Assessment Program (OCSEAP)
has a special responsibility to project and future users to make
available the fundamental environmental data collected during the
lifetime of the program. To meet this need, the OCSEA Program established
a digital data base at the NOAA Environmental Data and Information
Service (EDIs). The arrangement with EDIS encompasses data base service,
data management support and technical data processing.

In order to implement the data management responsibility, OCSEAP has
contracted the University of Alaska, AEIDC and the EDIS to jointly
provide professional data management assistance. In partial fulfillment
of these commitments, the AEIDC and the EDIS Alaskan Liaison Officer
have established a facility providing project management support,
digital data base support, and originator support. This report summarizes
the major accomplishments of the facility from 1 April 1978 to 31 March
1979.

II. Significant Accomplishments:

The most important activities have been programming development, data
control, creation and maintenance of automated files, and data management
support. Significant accomplishments during the reporting period are
listed below. Details are contained in the monthly reports and special
reports on data management.

Significant Accomplishments

1.

2.

3.

4.

5.

6.

7.

8.

9.

Created the initial keyentry of the OCSEAP digital codes.

Checked, corrected and returned File Type 025
data base.

Developed

Developed
taxonomic

Developed

Developed

taxonomic checking programs for all

data to originators and

biological data.

special printing programs to display the data records and
names for biological data.

and maintained the “Parameter Checklist.”

and operated the Predator/Prey Display program for marine
mammal specimen data.

Developed special parameter inventory programs for management review
of digital data.

Developed taxonomic code conversion programs to convert the Alaskan
Code to the NODC Code.

Assisted in the development of telecommunication access between
Anchorage and Juneau.
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11.

12.

13.

Tested batch communications between Anchorage and I’?ODC in Washington, D.C.

Edited, controlled, and forwarded File Type 033 and 038 data to Dr. H.
Petersen, RU 527 from the USF&WS, RU337 and from LGL, RU467.

Forwarded new data entries for the Data Tracking System to each
project data manager.

Drafted data management reports on data problems and position papers
on data management.

Data Processing Summary

The productivity in data control has, increased because computer programs
and effective management procedures were developed and implemented. The
analysis of the processing activity will be partitioned into “sponsored”
processing and “required” processing. The data types identified in the
proposal (work statement) are “sponsored” data types. Additional data
types processed that are not specifically identified in the proposal are
characterized as “required.”

The checking activity is identified as a subset of the “sponsored”
processing. The “required” processing activity is cross-referencedto
OCSEAP requests where appropriate. The term “required” was chosen
because these activities although not proposed are necessary to meet the
data management objectives of the OCSEA Program. Tables 1, 2 and 3
indicate the status of data processing.

TABLE 1

Data Processing Activity, Total

Data Sets Data Sets
Activity Sponsored Required Total

Received 128 174 302

Controlled (Processed) 64 128 192

Forwarded 9 3 139 232
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APPENDIX E.

RU # 362 PI:

o - Planned Completion Date

x “ Actual Coinpletion Date

John J. Audet

I,!ajor Xiicstor.es: Reporting, data mana~ement ancI other significant
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ANNUAL REPORT

RU Contract No.
497 ------
370 03-5-022-56

Reporting Period 1 April 78
31 March 79

10 Pages

OCSEAP Alaskan Data Processing Facility

31 March 1979
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RU—

005

006

229

230

230

243

281

417

467

485

502

517

RU—

003

196

341

359

359

359

337

417

467

467

TABLE 2

Sponsored Processing

Name File Type # Received

Feder

Carey

Pitcher

Burns

Burns

Calkins

Feder

Lees

Truett (LGL)

Hartt

Feder

Feder

Name

Arneson

Divoky

Gill

Homer

Homer

Homer

Lensink

Lees

Truett(LGL)

Truett(LGL)

032

032

025

025

026

025

032

023

023

023

032

032

7

9

21

42

1

17

10

12

1

4

1

4

TABLE 3

Required Processing

File Type

040

033

038

024

028

029

033

030

038

033

# Received

33

81

13

1

1

1

27

12

1

6

# Controlled

17

23

1

13

1

# Controlled

81

13

1

1

1

27

12

1

6

# Forwarded

12 “

23

1

6

# Forwarded

81

13

1

1

1

27

12

1

6
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In summary, the professional and efficient operation of the Anchorage
data processing activities have accomplished much more than was proposed
which has resulted in direct savings to the OCSEA Program. Often,
these significant contributions are not recognized by the OCSEAP. With
adequate resources and assistance from management, each category of data
processing can be expanded to match the demand for services.

Table 4 indicates the data sets “in hold” by RU, name, file type, and
number of data sets. These data sets can be processed only with assistance
by OCSEAP and the investigators, and by providing the resources to
execute the processing

RU—

003

005

006

196

229

230

243

281

337

417

417

467

485

502

517

NAME

Arneson

Feder

Carey

Divoky

Pitcher

Burns

Calkins

Feder

Lensink

Lees

Lees

Truett

Hartt

l?eder

Feder

functions.

TABLE 4

Data Sets in Hold

FILE TYPE # OF DATA SETS

040 33

032 7

032 9

033 1

025 21

025 19

025 17

032 10

033 1

030 13

023 10

023 1

023 4

032 1

032 5
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OCSEAP REQUEST SUMMARY :

Although precise records of requests were only started in October 1978,
Table 5 is indicative of the requests for the entire reporting period.
Table 5 was compiled from similar ones in monthly reports.

TABLE 5

OCSEAP REQUESTS

-.,ucto~er

Requester

T. Johnson

R. Swope

F. Cava

R. Combellick

P. Becker

J. Roberts

/’ (RU289)

K. Frost
(RU230)

January

Cava

Johnson

Johnson

Gill/Cava

Arneson/Swope

Status

Completed

Completed

In Hold

Completed

Completed

In Hold

Completed

Completed

Completed

Completed

Completed

In Progress

Description

Review and draft letter assessing data sub–
mission for RU467

Send a list of marine mammal specimen numbers
to Dr. F. Fay RU194

Contact Mr. Lees RU417/27 about corrections
to check runs

Send two blank tapes to C. Ruby RU192

Send a list of taxonomic codes to Mr. Lees
RU417

Pressure data at Middleton Island from
Nov. 1976 to March 1977

Send a Predator/Prey list, copy of Program
listings, and tax code conversions of Arctic
mamma 1s.

Update “Parameter Checklist” and retrieve
a new printed version.

Check diskette of 033 data from G. Divoky
(Leo Karl), RU 196.

Check, convert tax codes, print data listing with
tax code name for R. Homer RU 359. The
data types are 024 and 028 to be used as
documentation for voucher specimen archive.

Convert tax codes to NODC code, create a g–track
tape, mail to Dr. Petersen RU 527.

Control the data entries, tax codes, and record
types entries.
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TABLE 5 (Continued)

Requester

Audet

Walter(PMEL)

Butcher

February

Cava

Cava

Johnson

Frost

Audet

Divoky

Hadley

Falk

Walter

Status

Completed

Completed

On loan

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Completed

Description

Print a new version of “Parameter Checklist”

Mailed a copy of meteorological logs from offshore
platforms operated by the oil industry in
Lower Cook Inlet and Harrison Bay, Ak.

Gave our copy of the NODC taxonomic codes to Ms.
Butcher for her BLM assignment.

Print prey records for FT023, RU485 for M. Butcher.

Run parameter checklist (sample).

Run predator/prey program for FT025, RU 229 and
RU 243.

Return cards of 1978 specimens.

Send”ROSCOP pads to USF&WS.

Send diskettes containing taxonomic  codes for
birds.

Send

Send

tape and listing of taxonomic code file.

sample output from FT032 check programs.

Send
Inlet.

copy

MILESTONE CHART/PROGRAMMING STATUS

of oil rig met data from Lower Cook

is generally ahead of schedule.The production of new computer programs _
In addition, new programs not identified in the proposal have also
been created or planned. All of these programs meet the data management
objectives of the OCSEA Program. Some of the new programs were designed
to assist OCSEAP in managing digital data. Table 6 notes the status of each
che’ck program.
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DATA (

TABLE 6

;HECK PROGRAMS

+ START

+ IDXXX

TXXXX
TXEXXX
Pcxxx

Begin program

NODC checks

Tax code check
Print error tax code
Predator/Prey

TFILExxx List with tax names
PFILE List of file

+ SQXXX Sequence check

BLXXX Embedded blank

RAxxx Range check

RLxxx Relational check
SDXXX Select on code
CDXXX Code check
EXXXX Parameter inventory
TXXXX Correct tax codes
SLXXX Select on range
RXxxx Format convert

MXMNxxx Maximum/Minimum
SUMXXX Summary of Contract

+ data set dependent

1 PFILE1 for 025

2
In RL025A

The new programs not identified
categories. The first category

025

x

x

x
x
x

x
xl

x

X2

X2

X2

x
x
x
x
x

NA

023

x

x

x
x
?

x
x
x

x

x

x
x
x
x

032

x

x

x
x

NA

x
x
?

x

x

x
x
x
x

NA

x

031

x

x

x
x
x

x
x
x

x

x

x
x
x
x

NA

x

in the proposal are divided into two
is Utility Programs and the second is

Management Support Programs. The two categories are summarized in
tables 7 and 8.
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A) Printing Programs

1. PFILE - Prints the

TABLE 7

UTILITY PROGRAMS

address (diskette) and data record

2. RTPRINT - Prints one type of record with diskette address

3. SEARCH (Modified) - Prints the

4. PLWDE - Prints data records on

5. PLONG - Prints data records on

6. LIST-CAT - Prints the contents

* HDPRINT - Formatted outputs of

B) Editing Programs

1. EDIT - Invokes the Wang Editor

records which pass a search criteria

special computer paper and print size

8-1/2 X 11 paper

of the label tracks of IBM diskettes.

headings program

functions

2. REFORMAT - Places the taxonomic abbreviation next to tax code

~ REFOiM - Changes format of specific records

C) Taxonomic  Code Programs

1. TC-ANY - Checks tax code

2. TC-TWO - Checks tax code

for one record type only

for two record types only

3. TX-ANY - Converts tax code from Alaskan code to NODC code

4. TXE-NEW - Prints records with tax code errors

5. TFILE - Prints a data file and the taxonomic name for biological records

* TX-SPL - Illegal code conversion program - uses special IBM table to
test and convert illegal tax codes.

D) Tax Code Master File Programs

1. TC-TAX - Converts IBM diskettes to Wang diskettes of the tax code file

2. TAXDISK - Modifies and prints the data file “TAX#S” used to identify
each tax code diskette

3. PAKTAX - Prints the Wang diskettes of the

* TAXTEST - Checks for duplicate tax codes

master tax code file

in master file on IBM diskettes
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E)

1.

2.

3.

1.

2.

3.

4.

5.

Structural and Code Check Programs

FINDFILE - Searches for different file idents on IBM diskette

RTCHECK (RTSPLCK) - Both programs range check the record type field

CDFILE – Captures the digital codes for each file type

TABLE 8

MANAGEMENT SUPPORT PROGRAMS

START - parameter checklist begin program

PCHECK - Prints the Parameter Checklist at 6 lines/inch

PLONG - Prints the formatted output of the Parameter Checklist at
8 lines/inch

APCHECK - Builds the array,for  the key file table.

RUCHECK - Prints and verifies the RU table entries.

The programs which are marked by an asterisk (*) will be developed to
augment the productivity in data control.

PROBLEMS:

1. A recent meeting in Juneau, Alaska with Jawed Hameedi, Laurie
Jarvella  and Suzy Swarmer underscored the need to review the current
data formats.

2. Unauthorized taxonomic codes have been used by OCSEAP investigators.
OCSEAP management must identify who has received and is using the
unauthorized codes and have NODC assign proper codes as required.
A new conversion table may be required along with a new taxonomic
code conversion computer program. This additional work will delay
processing of data sets in “hold.” Potentially, the scale of this
problem exceeds all other data management problems for FY 79/80.

Plans:

The Anchorage Data Processing Facility has a reduced staff (one
programmer). The creation of a new position will allow replacement of a
data control clerk. The plans for the remainder of FY79 are completion
of check programs, and maintain internal master files. No data control
activities will be initiated until new employees are trained in the
operation of check programs and are trained in data control procedures.
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I

TASK OBJECTIVES

During April-December 1978, the final report on the submarine

permafrost study in Beaufort and Chukchi Seas was completed. TWO

volumes of the “Data Management System for Submarine Permafrost

Predictions in the Beaufort and Chuckchi Seas” (485 pages) and the

“state of the Computerized Environmental Maps of the Alaskan Continental

Shelf” (32 maps, including the maps showing the areas suitable

submarine permafrost development) were sent to the OCS Project

for

Office

and BLM by January 1, 1979. The main objectives were the following:

The first principal objective was to develop a computerized system

to aid in the prediction of the distribution and characteristics of

offshore permafrost. Development of this system involved (1) the

gathering and study of all source data about direct and indirect indica-

tors of permafrost in the given area (depth, temperature and salinity

of water, topography, bottom deposits, ice, etc.) and (2) the generation

of source and derived maps and construction of a candidate area map for

submarine permafrost in ihe Beaufort and Chukchi seas.

The decisive factor in this work was the close relationship with the

NOAA Environmental Data and Information Service, especially the National

Geophysical and Solar-Terrestrial Data Center (NGSDC) in Boulder, that

also operates World Data Centers-A for Solid Earth Geophysics and for

Solar-Terrestrial Physics. We also used data from World Data Center-A,

Oceanography, in Washington, D.C., and Glaciology in Boulder (INSTAAR).

A description of the system and results is given in the Part I of the Final

Report. The base map for computerized mapping

“Science Application, Inc.” The environmental

were included in the “Atlas” as the Attachment

390
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.

The second objective was to undertake a comprehensive review and

analysis of past and current Soviet literature on subsea permafrost and

related natural processes. The data and concept analysis, on subsea

permafrost of the Eurasiatic  part of the Arctic in its relationship

with the Arctic development in Pleistocene, is given in the Part II

of

B.

the Report as a monograph with bibliography related to the problem.

The work was done by M. Vigdorchik (Principal Investigator),

Skholler (Computer Programmer), and by J. Adams (Senior Graphic

Artist) during the period of October 1976-September 1978. The cost

was $100,000.

SUMMARY OF RESULT’S INCLUDED IN THE FINAL REPORT

1. An evaluation of existing environmental data on submarine permafrost

of the Alaskan Shelf has been made. The reliability of the data and

the gaps have been defined.

2. The paleoenvironmental aspects of the submarine permafrost of the

Beaufort and Chukchi seas have been discussed. According to the

specifics of the origin and development of the permafrost the

Beaufort Sea shelf has been divided into three parts: a) the shelf

area suitable for submarine relic permafrost (western part); b) the

area with low suitability for relic permafrost (central part); c) the

area without relic permafrost (eastern part). The

thickness and specifics of submarine permafrost in

also been made.

estimations of

each area have

3. A computer system has been developed for the evaluation of all

existing environmental data on recent subsea permafrost development.

Thirty computerized maps of different oceanographic, geologic,
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glaciologic, and other parameters, have been generated: source

data maps, derived maps (three generations), and a composite map

specifying the candidate area for submarine permafrost development.

To develop the system a composite mapping algorithm for submarine

permafrost prediction has been

4. The system has been checked in

permafrost. A comparison with

has shown positive results and

5 . The system can be readily up-dated

way the results can be enhanced.

6. The shelf maps showing suitability

made.

the Beaufort Sea areas with known

Canadian data on submarine permafrost

high correlation.

according to new data and in this

for submarine permafrost have been

compared with the BLM Lease nomination map. The extension of the

suitable areas for permafrost at each domination site has also been

calculated.

7 . The same work was done for the Chukchi Sea. It was found that there

is a limited distribution of areas suitable for ice-bonded submarine

permafrost. The areas were to the northwest from the Barrow Canyon

and at some sites along the coastal line.
II

During the report periodwe have begun to work on the use of the

computer techniques for managing large amounts of sea ice data as a sea-

ice subblock of the environmental block of the system. Together with

Dr. B. Stringer, the structuring and preparation of the data for input

into the computer was in progress. Amount of money spent: $30,000.
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Background— —-.

One of the major aspects of the OCSEAP Program is the
receipt of quality-controlled data by the Project Offices, and
subsequent use of this data in Quarterly, Annual, and I’inal
Reports by investigators, by the Program in Synthesis Reports,
and by the Bureau of Land Management in formulating
Environmental Impact Statements. As the Program evolved, the
need arose for a variety of data processing services which would
ensure the efficient execution of such activities. Many of these
services were provided within the original framework of the
Program, but many required additional, dedicated support. This
Research Unit (Ru) began such activities in March 1977, with
primary emphasis on ensuring that bird census data were received
in the desired fashion, and more recently that analysis products
be generated as needed. Past Quarterly and Annual Reports by
this RU detail the background and evclution of each situation.
This ~eport summarizes progress made in several areas during the
last guarter in particular, and during the last year in general.

Summary of Results— .

1, Validation of File Type 033 Data:

A summary of activities with respect to this type of data is
shown in the Field Operation Status Report given in Appendix I.
The following commentary references that report.

New Tapes:

One tape containing data for one field operation coded in
National Oceanic Data Center (NODC) format was received on 6
February 1979. ~he field operation, 1sR678, brings to four the
total number of data sets received from RU 196. The validation
products CODEPULL and LOGLIST were mailed to this IIU on 12
February 1979. This operation uas originally enteredv ia use”of
a Sol 20 microcomputer, and these validation products served as
a check on the entry procedures used by the RU.

Total Receipts:

The one operation referenced above brings to 137 the total
number of data sets received for File Type 033 data- They
include 81 in the U.S. Fish and Wildlife Service {FWS) version

394

,



page 3

( 8 0  froui RU 337, 1 from RIl 083) and 56 in the NODC version {12
from NJ 108, 8 from RU 239, 12 from RU 337, 6 from RU 467, 4
frou RU 196, and 14 from RU 083) . Of the total, 26 were received
during the past contract year, all in NODC format.

Current Processing:

CODEPULL and LOGLIST validation products were sent to RU 195
for the one operation received during this quarter, an~ for the
eight other outstanding operations received froa RU 083 d~iifig
the previous quarter. The yearly t o t a l  consists of such
products for 34 operations (26 operations received during the
past year plus 8 others from RU 239 received at the end of the
previous coritract year). These mailings complete such products
for all 137 operations received to date.

A total of 10 of the 137 sets of validation products are
outstanding. These include 6 from RU 467 and 4 from RIY 196. Of
the 127 sets returned, 8 have been returned to RU 083 for
further error resolution. The remaining 119 have passed the
validation tests, but two, from RU 083, while they pass the
validation tests, are known to require changes to environmental
data. The other 117 have been sent to the contributing RUIS and
to NODC , 107 during the past year, including the following 33
during this past quarter:

FR5003 FW5006 FW5029 FW5025 FW5031 FU6002

FR6004 FR6005 FR6007 FR6008 FR601O FF6011

FH6013 Fw6014 FW6016 FW6018 FR6019 Fti6027

FW6050 FH6051 FW6052 FM6064 FH6077 FR6078

FW6083 FW6092 FW6094 F!?6095 UC1501 UC1601

UC1602 UC1703 UC1704

The ~17 operations completed and mailed to both the
contributing RU and NODC contain 81 which required conversion
from FNS to the I?ODC version of the 033 format. Zhe final 9 of
these conversions were carried out during this past quarter (all
81 during the past year):
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FI16013 Fk16018 FR6027 Fw6050 Fi16051

FH6064 FIJ60t?3 FW6094 FW60’35

following operations remain outstanding at this

RU 083:

UC1701 UC1702 UC1702L UC1801 UIC802

UC1803 UC1804 UC1805 UC1806 UC1808

RU 196:

1SR377 ISR”477 1D1577 ISR678

RU 467:

AERSR1 AERSR2 AERSR3 AERSR4 AERSR5 AERSR6

After data are submitted to NODC, that agency also runs
validation check programs on the data. While many Gf th& checks
as e the same as those .carried out by this RU (see Appendix H
for a current listing of 033 p~ocessing) , a check for allowable
taxonomic codes is presently carried out cnly by NODC.
Exceptions to the allowable codes found by NODC are transmitted
to this RU for resolution. Such edit pxoducts have been received
for all 117 operations sent to date, and resolutions are being
found for all exceptions. .These are being relayed to NODC for
update of the operations~ and will also be used to update copies
of the data held at RU 527.

2. Validation of File Type 038 Data:

During the past year, work was begun on a validation
procedure for File Type 038 data in a manner analogous to that
employed for File Type 033 data. .As with the 033 data, this data
has been recorded in two versions of the format, an FWS and an
NODC version. .Two tapes of data recorded in FUS version, a total
of 13 field operations, have been received frcm RU 341, and one
tap~, containing data for one field operaticn coded in the NODC
version was received from RU 467. CODEPULL and IJ3GL1ST

396



page 5

validation products were adapted to these versicnsr and products
for the follo~ing 14 operations mailed during the past quarter:

TO RU 467:

77PG13

To RU 341:

FU6020 FW6022 FW6023 FW6024 FW6054 FW6056

FW6059 FR6061 FW6063 FR6073 FW6076 FH6091

FR6099

None have yet been returned. After they are returned, editing
and conversion (except for 77PG13, which is already in NODC
format) will be carried out.

3. File Type 033 Data Base Formation and Analysis Products:

Beginning during the third quarter of this past year, work
was begun on the design and production use of four analysis
products from File Type 033 data. Carried out in conjunction
with RU 083, this work has l~ad to the products described in
detail in Appendix 111.

Generation of the products was preceded by conversion of the
data from the NODC format into the data base format of the
MARMAP Information System (the MIS is used for the validation
aspects of this RUfs activities as well) . Following such
conversion, data required for a given analysis are retrieved for
that purpose.

Data for the following 63 field operations have been
converted during this year:

RU 083:

UC1501 UC1601 UC1602 UC1701 UC1702 UCX703

UC1704
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au 3 3 7 :

FW5003 FW5006 FW5009 FW5011 FR5012 FU5013

FJ?5014 FI?5016 FU5018 FW5024 PW5025 Fw5027

Fw5029 Fi?5030 FW5031 FW5034 FU6001 FI?6002

FH6004 FW6005 FW6007

FW6013 FR6014 FW6016

Fw6026 FW6027 FH6028

FH6052 l?W6064 FW6077

FW6094 FN6095 FW7026

FW7032 l?l?7033 FW7034

FW6008 F&16010 FH6011

FW6018 FU6019 FW6025

FW6029 FH6050 FW6051

FW6068 FU6083 FI?6092

FW7027 FW7028 Fl?7031

FH7035 FW7036 FR7042

I?I?7045 FI?7046

Based on data from RU 083 in this data base. a total of 18 File
Type 033 Data Summary Tables, 135 Digital Density Plots, 107
Statistical Analysis runs (three analyses per run), 23 Star
Diagrams, and several sample Contour Plots have been generated
for a variety of bird species, geographical area, and time
period groupings. Also, several sample runs have been made for
RU 337 data as well.

It should be noted that through generation of ~ese
products, the interrelationships and significance of several of
the parameters characteristic cf this file type were realize<.
In some instances, certain critical parameters such as distance
to shelf break were absent from the data base. However, the
data were obtained from chartsr etc., and were used to update
the data base prior to final production runs of the products.
Based on this knowledge, the follcwing parameters should be
considered as ‘lrequiredll in future field efforts of this type:

It is

Bottom depth
Distance to shore

Sea surface temperature
Distance to shelf break

surface salinity
Direction of flight

fully expected that, as analysis of the data continues,
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additional parameters iai 11 be added to this list as new
interrelationships are found.

4. Interactive Data Entry and Analysis (IDEA) Network:

Also begun during the last half of this year was the
establishment of an Interactive Data Entry and Analysis (IDEA)
distributed processing network for OCSEAP data. The network is
composed of Texas Instruments Model 771 intelligent terminals at
investigator sites, plus a Model 774 host system at RU 527. In
this network, investigators enter field data at the 771
terminals, using quality contlol data entry programs prepared
for then by RU 527. These programs carry out all validation
steps carried out by CODEPULL and LOGLIST, but as the data are
entered, Dot at a later date. After entry, the data are either
sent to the host site by tel=phcne as a zeaate job entry {3JE]
subnissicn or by mail (floppy disks), where they are copied to
tape for submission to NODC, and also converted into the HIS
data base fozmat for use in analysis products. The individual
investigator can then retrieve selected portions of the data
basz for use in analysis at his site, using either the
PROCEDURES or BASIC languages available on the 771, using
resources available through a local host computer system, or RU
527 can generate such analyses and deliver them to the
investigator either via an RJE submission to the investigator~s
terminal or via the nail, depending upon urgency of the need and
associated costs.

Data entry and validation Frcgrams are currently planned for
File Types 031, 033, 034, and 135 data. To date, 771 terminals
have been installed and user training initiated at RU 083 and RU
196/172, and programming for File Type 033 has been delivered to
these sites.

_Financial Report

The Financial Report given in Figure 1 summarizes expenses
during the past quarter in terms of salaries {and indirect
costs) , computer expenses, suprlies~ travel, equipment rental,
equipment purchase, and other.
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Figure 1

OCSEAP Data Processing Services

,.,.,.

Fi.nanci,al Report

Period Covered: 1/1/79 - 3/31/79

Salaries $12,702.21
Indirect Costs (55% of salaries)

Sub-total

Supplies
Travel
Equipment rental
Equipment
Computer
Repairs
Other (Xeroxing, postage,. etc.)

$ 1 9 , 6 8 8 . 4 3

64, 87
1,851.45
1,334.46

20,228.00
5,211.47

150.00
423.99———

Total $48,952m G7
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Activitv/ tiilestone Chart

The Activity /Milestone Chart given in Figure 2 shows actual
and planned completion dates for past, present, and future
activities.
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Figure 2

Activity/Milestone Chart

llU #: 527 PI: Harcld Petersen Jr. -- University of Rhode Island

1978 1979

Major Milestones MA MJJASOND JFMAMJJASOND

Choice of validation criteria
for type 038 data x

~ Procedures for validation of
l?l?S type 038 data operational

Procedures for validation of 033
data operational x

Procedures for conversion of
033 data operational

Completion date for editing 033
data

Completion date for conversion
of 033 data

Feasibility study for distributed
data entry and processing
completed

x

x

x

(continued)

x

x’
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Activity/Milestone Chart

1978 1979

Major Milestones MAMJJASOND J FM A HJJ AS ON D

Establishment of distributed data
entry and processing node at
RU 527 0

Establishment of distributed data
entzy sites at RU 083
and RUCS 196/172

Establishment of distributed data
entry sites at RU 337 and RU 237

Preparation of File Type 033 data
entry/validation program for
IDEA System

Preparation of File Types 031, 034, and
135 data entry/validation Fxograms
for IDEA System

Establishment of format for four
Program-authorized 033 data
analysis products for RU 083

x

x

x

o

0

(continued)



Activity/Milestone Chart

1978

Major Milestones M A HJJ JIS O ND

Delivery of first of four
033 analysis products
to RU 083 and JPO ,x

.,
Delivery of evaluation samples
of remaining 033 analysis
products to RU 083 and JPO

Delivery of production runs of
033 analysis products to RU 083
for use in Annual Report

QuarterlyReports x x x

Annual Report x ,,

Final Report .,

Past
Contract

.

,.

.,

page 12

1979

J F B A M JJ AS O N D

x

x

x x o 0

x

o

Present Contract
<-- Period --><--------- Period ------- ->

o = planned Completion Date x = Actual Completion Date
FWS = Fish and Wildlife Service NODC = National Oceanic Data Center
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*** FIF1, D OPEFRI’ION SThTUS REPn R’I ***

hS CF 03/31\79

TNE CA’Tl! FI?OJFCTS GRCUP OCS J?BP - GULF OF ALASKA J? PO.1’~CT

COLHHN HEhElliG  DEFINITIONS:

ThPE NUMBER -

RESEfiRCH  UNIT -

CATE RECEIVEC  -

lILE FORMJIT -

FIELD OPER. -

CODEPUEL MAILED -

s
m LOGLIST HAILED -

IDENTIl?YING NJJflJ?ER ASSIGNEKI TO THE TAPE AS IT IS RECEIVED BY RU 527.

RESFAJ?CJ! IJNIT NUI’tllEP CF TEE FJIItiCIt?hL INVESTIGhT~R.

DATE THE ‘IAPF WAS RECEIVFE  BY FJJ ?27.

FORMAT IN RHICH Ti!E DhTA O N  THJ?  TRPF HfiVE  BEEN CfJDFD.

NAME ASSIGNED TC THE FIELC OPERnTIC?J  JJY THE PRINCIPAL INVESTIGATOR.
llFWI! F]ELD oPsO FROM CF. CALVIN LENSINK: “UC1’t FTV?LD OPS. FROM DR. GEORGE IIUNT:
WUIJ FIELJ) C)ps. FROM DR. JCHN JJIENS: ‘tUC~l FIELD OPS. FROM DR. mJAN Gll?,flfiN:.
ItsR!l G ~lDI~l FIEID oPS,  FFCt!  CE. CEORGE  DTVOKY: ,,*ERsRll FIELD oPS, F!?(IM \lC)E T’RUP.TT.

CATF THE GtJTPUT-FFiOM TliE ~UILITY CnNTROl PI?f3GRhPJ ‘lCODEPULL1l HAs
tJhILEr TO THE PRINCIPAL lKVESTIGATOR FOJI CORRECTIONS.

IJATE THE OUTPUT FROM ‘IHE ONRLITY CONTROI PROGRhtl ~1LOGL13T1’  HAS
MAILEC TO THE PRYNCIPRL IJtVESTIGATOJ? FOR COttRECTIGNS,

CODEPULL RETUfiNEC - OAT!? THE CORRECTJ?D OUIPUT FROM ‘COJIEPULL!f  WAS RECEIVED BY RU 527.

LoGLIsT RE’1’UFNED -

ELJITLOG COMPIETE -

FINkL CHECK -

CONVJ?RT TO NODC -

HAIL TO WODC -

ENDNOTJ?S -

DATE ‘IHE CORRECTED OUTPUT FRCM “LCGLISTt’ W?iS RECEIVED BY RU 527.

DATE THF CORREC11ONS liERJ? MADE ‘LO TPJ? FIELD OP. AT RU 527, THROUGH THE USJ?
OF hN IJITERhC’IIVE  J?ROG17AH  ‘\EnITIOG~f.

DATE ‘IHE FIELD CF. wns REJICY FOE CONVERSION on TPhNsFORIIhTION.
0CCASION8tT,Y ACCITIONAL FJiOBLEMS PRISE WIIEN “COJJ’EPULJ.S~  AND ‘rLOGLTST’~
ARE RER[J~ AFTER EDITING. IF THFS??  CANNOT Pi! RESOr,VED  OVER THE TELJ?-
PHONE ‘TJ!t? LISTINGS ARF. SENT nfiCK ‘IO THE PI FOR FJJRTJJER CORRECTIONS.
THIS FIELJJ  IS NOT FILIFD “IN IJNTIL ALL CORRECTIONS HAVE BEEN !4hDE.

DATE THE FIELD OP. WhS CONVEIJTFJJ FRCM FWS FORHAT TO NODC FORHAT. AN 4’Nflt~
(NOT APELICJiBLE) IS ENTEtiFC HIRE FOR FIELD OPS. RECF,IVED IN NcJDC F’cJl?MJtT.

DATE THE FIELD oe. IN FINJIL  FoRn kns SIILIMITTED  TO NmJc.

REFERENCE KUFJUFR TO i!fJ~VTICNilt  CCPMEN7S FOLLnWING  THE lIAIJLE.



THE tli’IA PROJFCTS CRCUP 49csJ!np - GIJLF oF ALAsKA pRO~wcT

TAPE RESFARCH DhTE FILE FIELF! C04’41?PIlLL LCGLIS’!’ COD13POLL LOGLIST
NU!4BER

EDITLOG PINAL CONVVF!T
UNIT

WAT.1. EVD
RECRIVFC  FOfiHAT cmm. IIAH.E4’4 R!ILFD RETlJi7Rl?D RETURNED COWFLETF cnl!c14 T41 NODC TO NOD; UO?ES

liLKSKAl 337 0 3 / 1 2 / 7 7  F41S F14500Q C7/~2/77  CF/16/77 0 8 / 2 9 / 7 7 1 0 / 0 6 / 7 7  02/15/78 4 3 2 / 1 5 / 7 0  10/OFI/7f4 10/31/744 ln,fl

llLnsKA2 337 03/12/77 PUS F445009  C7/12/77  (42/16/77 10/06/77 10/06/77 01/26/70 131/30/7R  09/47!i/7E! c!J/143/7tl ln,~
F4i5013  07/!2/77 Ct!/16/77 O R / 2 9 / 7 7  1 0 / 0 6 / 7 7 0 1 / 2 4 / 7 8 0 1 / 2 6 / 7 8 lo/17/7fl 11/lof7tl ln,fl
FR5018  0 7 / 1 2 / 7 7  OR/16/77  0 8 / 2 9 / 7 7 1 0 / 0 6 / 7 7  01/3@/7P  0 2 / 0 1 / 7 1 3  0 9 / 0 2 / 7 4 3  1 0 / 3 1 / 7 8  la,8
FU5023  SV/f!I/ER CE/16/77 08/29/17 10/06/77 02/06/743 02/14/78 11/01/78 11/lf3/7n  I?cfi
FW5f120  C7/12/77  CH/16/77  O n / 2 9 / 7 7 1 0 / 0 6 / 7 7  0 2 / 1 4 4 / 7 8 f32/15/7FJ 1 1 / 0 1 / 7 8 11/143/78 ln,R
FH5030 07/12/~7  C@/16/77 08/29/77 10/06/77 12/01/77 12/05/77 on/30/7n n9/lR/7n  6,9
FH5032 07/12/77 CR/14i/77 0f4/29/-17 10/06/77 12/01/77 12/445/77 CR/30/7R 09/10/78 6,0

hLAsKA3 337 0 5 / 2 7 / 7 7  P4iS F4T5008
-b FW5016
o
u

Fw502 1
FH5f326
FW5027
FW5033
FW5035
F44600F4
FR6027
Fw60fio
FW6051
P14(i@74
FW60i33

ALAsKn4 337 06/24/77 F4iS F445011
FW5~12
F4454120
FW5031
FW50344
FW6015
FW6018
FW6019
FU6067
FW60641
FW6CR8
FHfio449
FH60944

07/10/77
c7/144/77
07/’lQ/77
c7/lu/77
c7/14/77
07/10/77
c7/tq/77
12/12/77
c7/lu/77
c7/lf4/77
07/lQ/77
c7/lu/77
07/144/77

C4?/16/77
CF3/16/77
C8/16/77
on/16/77
0 8 / 1 6 / 7 7
o14/16/77
Ct3/16/77
oR/16/77
0 8 / 1 6 / 7 7
cQ/16/77
09/29/77
c13/16/77
CO/16/77

C@/16/77
CF/16/77
CE/16/77
Ct!/16/77
ce/16/77
c o / 1 6 / 7 7
cP/16/77
1 2 / 1 2 / 7 7
C8/16/77
CP/16/77
c8/16/77
cP/16/77
CF/16/77

CP/16/77
CO/16/77
ce/16/77
C8/16/77
CE/16/77
CP/16/77
CP/lc/7T

CE/16/77
043/16/77
ce/14i/77
C9}2~/77
of!/16/77
cFl16/77

09/06/77
09/06/77
09/06/77
09/06/77
09/06/77
09/06/77
09/06/77
01/10/70
0!3/06/77
09/06/77
4JQ/of3/77
09/06/77
09/06/77

1 1 / 0 1 / 7 7
??/0?/77
1 1 / 0 1 / 7 7
1 1 / 0 1 / 7 7
1 1 / 0 1 / 7 7
1 1 / 0 1 / 7 7
1 1 / 0 1 / 7 7
17/431/77
1 1 / 0 1 / 7 7
1 1 / 0 1 / 7 7
7 0 / 2 0 / 7 7
1 1 / 0 1 / 7 7
1 1 / 0 1 / 7 7

09/06/77
09/06/77
09/06/77
09/06/77
09/06/77
09/06/77
09/06/77
01/40/70
09/06/71
09/06/7?
09/06/77
09/06f77
09/06/77

1 1 / 0 1 / 7 7
~1/ol/77
11/ul/77
1 1 / 0 1 / 7 7
1 1 / 0 1 / 7 7
1 1 / 0 1 / 7 7
1 1 / 0 1 / 7 7
11/4)1/77
1 1 / 0 1 / 7 7
1 1 / 0 1 / 7 7
1 0 / 2 0 / 7 7
1 1 / 0 1 / 7 7
1 1 / 0 1 / 7 7

f2/09/77
0 7 / 2 5 / 7 8
0 7 / 2 6 / 7 0
ol/3’l/7P
02/03/78
0 7 / 2 8 / 7 8
0 1 / 3 0 / 7 8
0 8 / 0 2 / 7 8
10/24/78
10/02/743
10/2Q/78
0 8 / 0 8 / 7 0
0 7 / 2 1 / 7 8

lo/2u/78
lo/17/7fl
1 0 / 3 ? / 7 8
1 0 / 2 4 / 7 8
04/17/78
ou/(45/743
10/2@/78
12/01/7fJ
1 0 / 2 0 / 7 8
10/2U/78
1 0 / 2 0 / 7 8
0 7 / 2 1 / 7 8
10/19/743

? 2 / 0 9 / 7 7
4)7/28/743
07/2R/7Q
0 2 / 0 1 / 7 8
0 2 / 0 6 / 7 8
0 7 / 3 1 / 7 8
0 2 / 0 1 / 7 8
438/08/743
143f26/7Q
14’4/(46/78
lo/27/7n
o~/08/741
07/214/7~

143/27/7R
lc/17/7f3
1 1 / 0 2 / 7 8
lC/26/70
ou/19179
ou/lt3/7fl
1 0 / 2 6 / 7 8
12/144/78
143/26/7fl
1 0 / 2 6 / 7 0
1 0 / 2 6 / 7 8
07/20/7!3
143/20/7q

09/07/78
11/15/7H
11/07/7E
11/17/79
439/0’5/78
11/15/78
11/15/7n
12/22/7!3
ol/02/7q
01/02/79
ol/02/-lq
11/2q/7$1
01/02/79

11/43q/7R
11/16/7P
lt/t39/7f!
12/21/7R
09/(43/7R
09/06/78
ol/n2/7q
1 2 / 2 2 / 7 8
11/2q/7n
1 1 / 2 9 / 7 8
11/u2/7n
11/2Q/7P
01/4J2/7~

oq/lR/7M
11/30/18
11/10/78
1 1 / 3 0 / 7 8
09/18/18
11/3(3/78
11/30/7Fl
0 1 / ? 2 / 7 9
ol/12/7q
431/16/79
0 1 / 1 6 / 7 9
i2/f5./75
01/i6/7q

11/30/79
11/313/7e
11/lo\743
ol/oq/7~
1 0 / 3 1 / 7 8
f39/lR/78
0 1 / 1 2 / 7 9
01/12/79
12/1!5/78
1 2 / 1 5 / 7 8
11/14-4/7e
12/f517R
ot/16/79

8
ln,e
1R,8
U
n
tern
8
le,9
lc,~
1C,9
1C,8
I17,R
1B,44

Ic,n
?C,fl
lc,n
1C,8
43
8
Ic,n
1C,8
lc,n
lc,n
lC,H
le,R
1CV?3

iILhSKA5 337 07/01/77 FfS F4i5015  41~/29/77  C%129)77 10/20/17 10/20/77 00/043/70 440/qq/70 11/15/7Q 11/70/78 lF,n



As OF 0 3 / 3 1 / 7 9

THE EA’IA PROJECTS GROUP 0C51?AP - GULF OF ALASKA FRO,JECT

TAPE RES1hI?Cfj DATE FILE FIELD CODFPIILL LOGLIST CODEPOLL LOGLIST l?DITLOG PINhL CONVFI?T MRTL FN !J
NUll!3ER U NIT RECEIVEC FOBHAT i3PER. MAILED HRILFD RETIJRNET! RETORXED coMELi?’rl? CHECK ‘T(I NfilK

ALASKA5 337 0 7 / 0 1 / 7 7  Flis FR5025
FR6001
FW6002
FW6(307
FU6C09
FW602?
FW6026
FU6029
FW6057
FW606U
FW6066
FW6070
Pu6095

09/.29/77
c9/29/77
09/29/77
o’J/2’3/77
09/2q/77
10/28/77
09/29/13
o~/2~/77
()!3/29/77
oq/2q/77
09/29/77
09/29/77
09/29/77

oq/2~/77
c9/29/77
C9/2?/77
c9/?9/77
~qt79/77
1(?/2(?/77
C!3!29177
0 9 / 2 9 / 7 7
C9/29/77
c5/2q/77
0 9 / 2 9 / 7 7
cf+/29/77
0 9 / 2 9 / 7 7

1 0 / 2 0 / 7 7
1 0 / 2 0 ( 7 7
10!20}77
7 0 / 2 0 / 7 7
1 0 / 2 0 / 7 7
,11/30/77
10/20/77
1 0 / 2 0 / 7 7
10/20/77
1 0 / 2 0 / 7 7
10120/77
1 0 / 2 0 / 7 7
1 0 / 2 0 / 7 7

1 0 / 2 0 / 7 7
+0/20/77
1 0 / 2 0 / 7 7
iO/20/77
iO/20/77
11/30/77
1 0 / 2 0 / 7 7
1 0 / 2 0 / 7 7
1 0 / 2 0 / 7 7
1 0 / 2 0 / 7 7
1 0 / 2 0 / 7 7
1 0 / 2 0 / 7 7
1 0 / 2 0 / 7 7

07/2u/70
0 4 / 2 0 / 7 8
07/2U/713
0 7 / 2 4 / 7 8
0 8 / 0 3 / 7 8
07/25/78
OQ/26/78
0 4 / 2 6 / 7 0
0 8 / 0 0 / 7 8
07/27/78
02/2217f3
0 8 / 0 3 / 7 0
oa/(-m17P

0 7 / 2 6 / 7 8
0 0 / 2 9 / 7 8
!’)7/25/7!3
07/27/7.9
ot3/rlFl/78
0 7 / ? 6 / 7 8
04/28/78
0 5 / 0 8 / 7 8
ofl/07/7R
0 7 / 2 7 / 7 8
02/2Q/7fJ
ofl/(J7/78
0 8 / 0 9 / 7 8

1 2 / 2 1 / 7 p
09/06/7f!
1 2 / 2 1 / 7 0
1 2 / 2 2 / 7 8
1 1 / 2 9 / 7 8
12/07/7!!
10/12/7R
1 0 / 1 2 / 7 8
1 2 / 0 1 / 7 8
0 1 / 0 7 / 7 9
11/02/7R
ff/?9/7e
0 1 / 0 2 / 7 9

0 1 / 0 9 / 7 9
09/113/78
01/09/79
0?/12/79
1 2 / 1 5 / 7 8
1 2 / 1 5 / 7 8
lo/31/~8
tLV.3*/78
1 2 / 1 5 / 7 8
01/16/79
1 1 / 1 0 / 7 8
1 2 / 7 5 / 7 8
0 1 / 1 6 / 7 9

II IE;13
0
8
tI?,R
?8,8
8
lE,r3
lE,f,l

: ALASKA6
co

337 07/07/77 Fws FW5014
Fu5022
FR5029
FW503fI
FU5037
FW600U
PH6005
FH601O
FW6011
F96012
FU6016
PW6028
FW6052
PW6077. .
Fu6078
FW6084
FW6085
Fw6092
FW7C26
F’R7C27

1 0 / 2 1 / 7 7 1 0 / 2 1 / 7 7
l@/21/77
lC/21/71
1 [ / 2 1 / 7 7
10/.21/77
1 0 / 2 1 / 7 7
1 0 / 2 1 / 7 7
lC/21/77
lC/21/77
lC/21/71
1 0 / 2 1 / 7 7
lC/21/77
lC/21/77
1 0 / 2 1 / 7 7
lC/21/77
1 0 / 2 1 / 7 7
lC/21t77
1 0 / 2 1 / 7 7
l@/21/77
?0/2?/77

o~/lu/78
1 1 / 7 0 / 7 8
0 1 / 0 9 / 7 9
17/30/78
11/3v/7q
01/09/79
nl/m/79
ol/09/7fJ
0 1 / 1 2 / 7 9
1 2 / 1 5 / 7 8
0 1 / 1 2 / 7 9
70/37/78
0 1 / 1 6 / 7 9
0 1 / 1 6 / 7 9
0 1 / 1 6 / 7 9
72/75/78
A’1/70/70
0 1 / 1 6 / 7 9
1 0 / 3 1 / 7 8
10/37/70

1 1 / 1 4 / 7 7
1 1 / 1 $ / 7 7
1 1 / 1 4 / 7 7
1 1 / 1 4 / 7 7
11/lu/77
1 1 / 1 4 / 7 7
1 1 / 1 0 / 7 7
1 1 / 1 4 / 7 7
1 1 / 1 4 / 7 7
11/lQ/77
1 1 / 1 4 / 7 7
1 1 / 1 4 / 7 7
1 1 / 1 4 / 7 7
1 1 / ? 4 / 7 7

“11/10/7,7
1 1 / ? 4 / 7 7
11/lu/77
?1/14/’77
1 1 / 1 4 / 7 7
1?/?4/77

1 1 / 1 4 / 7 7
11/lu/77
11/lu/77
1 1 / 1 4 / 7 7
1 1 / 1 4 / 7 7
1 1 / 1 4 / 7 7
1 1 / 1 4 / 7 7
1 1 / 1 0 / 7 7
1 1 / 1 0 / 7 7
1 1 / 1 4 / ’ ) 7
11/lfl/77
11/lu/77
1 1 / 1 0 / 7 7
1 1 / 1 4 / 7 7
1 1 / 1 4 / 7 7
1 1 / 1 0 / 7 7
1 1 / 1 4 / 7 7
1 1 / 1 4 / 7 7
1 1 / 1 4 / 7 7
li/i4/77

0 2 / 1 7 / 7 9
1 1 / 0 9 / 7 8
1 2 / 1 4 / 7 8
0 6 / 0 5 / 7 8
0 6 / 0 5 / 7 0
12/15/70
1 2 / 0 8 / 7 8
1 2 / 0 8 / 7 8
12/c8/7e
1 1 / 0 9 / 7 8
1 2 / 1 4 / 7 0
0 6 / 0 7 / 7 8
1 2 / 1 8 / 7 8
12/15/7f3
1 2 / 1 4 / 7 8
1 1 / 0 3 / 7 0
1 0 / 2 4 / 7 8
1 2 / 1 0 / 7 8
10/2U/.79
0 6 / 2 6 / 7 8

02/22/78
11/10/78
12/14/7fl
06/07/78
06/07/78
12/18/78
12/10/75
12/10/78
12/lu/78
11/10/78
12/1!/78
06/08/70
12/21/78
12/113/7R
12/14/78
11/06/78
10/26/78
12/lQ/78
10/25/7f3
0 6 / 2 7 / 7 8

oQ/05/7fl
11/1t’1/7fl
72/?f/7fl
1 1 / 0 9 / 7 9
1 1 / 1 0 / 7 8
1 2 / 2 1 / 7 8
12/21/7f!
1 2 / 7 1 / 7 8
1 2 / 2 2 / 7 8
1~/2V/78
12/22/7fi
10/11/7.9
1 2 / 2 2 / 7 8
12/2,2 /78
1 2 / 2 2 / 7 8
1 1 / 2 9 / 7 8
J1/02/7Fl
12/22/7P
1 0 / 2 6 / 7 8
09/06/7B

8
IF,R
1F,8
9
8
lF,t3
1F,9
1F,8
1F,13
tF,8
lF,R
8
lF,f’1
lP,EI
lF,R
lQ,i3
lF,n
lF,U
1F,8
9

10/21”/77
1 0 / 2 1 / 1 7
1 0 / 2 1 / 7 7
1 0 / 2 1 / 7 7
1 0 / 2 1 / 7 7
1 0 / 2 1 / 7 7
10/21/77
1 0 / 2 1 / 7 7
%0/il/77
1 0 / 2 1 / 7 7
1 0 / 2 1 / 7 7
1 0 / 2 1 / 7 7
10/21/77
1 0 / 2 1 / 7 7
1 0 / 2 1 / 7 7
1(-)/21/77
10/2f/77
1 0 / 2 1 / 7 7
lo/zT/77

0 5 / 2 6 / 7 80E3 0 7 / 0 7 / 7 7  F!iS UC1601ALhsKA7

ALASKA8

lo/c7/77 lo/c7/77 05/2f3/~11 0 8 / 2 5 / 7 9 OR/25/79 08/28/7R 02/(!0/79 lG

337 07/28/77 FKS FU5038
Fti6013
FM6025
Fu6C82

1 0 / 2 8 / 7 7
lo/7e/77
10/28/77
10/2t!/77

lC/2fJ/77
lC/28/77

7C/28177
1 0 / 2 0 / 7 7

7 ? / 3 0 / 7 7
1 1 / 3 0 / 7 7
1 1 / 3 0 / 7 7
1 1 / 3 0 / 7 7

1 ? / 3 0 / 7 7
1 1 / 3 0 / 7 7
1 1 / 3 0 / 7 7
1 1 / 3 0 / 7 7

1 1 / 2 1 / 7 P
12/21/7fl
06/15/7R
1 1 / 1 6 / 7 8

1?/?2/78
12/22/7fl
0 6 / ? 9 / 7 8
1 1 / 2 0 / 7 8

lf/?2/7fl
0 1 / 0 5 / 7 9
10/1?/78
1 1 / 2 9 / 7 0

77/70/70
07/12/79
1 0 / 3 1 / 7 8
1 2 / 1 5 / 7 8

fF,8
lF,13
8
IF,R



*** FIELD  OPERnTION  ST ATIIS REPORT ***

ns OF 0 3 / 3 1 / 7 9

THE CA’lh FRCJl?CTS  GnCUP f)csFnP - GULF OF ALASKA PROJECT

T A P E  RESIFIRCH DATE FILE EIELn COTIEI?NLL  LCGLIST CODf?PNLL LOGLIST
NUllBER URIT

EDI’!’LOC F~fJIL CONVFPT FPTL FND

ALASKA8 337

ALASKA9 337

RECEIVED FORHAT  OPER. HhTLEll Mf!ILEll Rf?T!JRNJ?D  Rl?TUIiNED  COKFLETF Cll ECK ‘TO NODC ?0 NODC NOT?S

07/2i3/77 FHS FW6087 10/28/77 ?0/?8/77 11/30/77 11/30/77 11/t3Q/7e 11/lo/7fl 11/29/7fJ 12/1!S/78 IF,F

0 8 / 0 3 / 7 7 PFs Ffi5003  1 0 / 2 8 / 7 7 lo/2fl/77 1 1 / 3 0 / 7 7 1 1 / 3 0 / 7 7  1 0 / 0 2 / 7 8 1 0 / 1 7 / 7 6 1 2 / 2 1 / 7 8  01/0~/79
FW5006  1 0 / 2 8 / 7 7

2,1N,e
lC/28/77 1 1 / 3 0 / 7 7  1 1 / 3 0 / 7 7  1 0 / 0 7 / 7 8  10/13/7t3

F H 5 0 1 O  1 0 / 2 8 / 7 7  lC/28/77 11/30/77  11/30/77
12/21/7P 0 1 / 0 9 / 7 9  2,1!f,f3

1 0 / 0 2 / 7 8  lt)/13/7fJ 1 1 / 0 ? / 7 8 1 1 / 1 0 / 7 9  2,11!,8
Fw600fi 1 0 / 2 9 / 7 7 lC/2fJ/77 1 1 / 3 0 / 7 7  1 1 / 3 0 / 7 7
FU6014 10/2f!/77  lC/28/77 1 1 / 3 0 / 7 7

1 0 / 0 2 / 7 8  1 0 / 1 3 / 7 1 1  11/29/7fl  1 2 / 1 5 / 7 8  2 , 1 1 1 , 8
1 1 / 3 0 / 7 7 10/02/7fI lo/03/7~ 12/22/7fl 0 1 / 1 2 / 7 9 2,1ff,Lf

ALASKA1O 337

ALASKA1l 337
z
w

fiLfisKrl12  337

ALASKA13 337

ALASKhlU  0@3

ALASKA15 OC’3

ALASKA16 337

0 9 / 0 6 / 7 7  IJODC FU7032 10/C7/77 10/07/77 11/03/77 11/03/77 11/22/77 11/30/77 /wn/
FE7C33 lo/c7/77

1 2 / 1 2 / 7 7
10/C7/77 1 1 / 0 3 / 7 7  1 1 / 0 3 / 7 7  1 1 / 2 2 / 7 7  1 1 / 3 0 / 7 7 /vn/ 1 2 / 1 2 / 7 7

1 1 / 1 6 / 7 7  NODC  FW7034 1 1 / 3 0 / 7 7 1 1 / 3 0 / 7 7  01/04/78  0 1 / 0 0 / 7 8  ol/09/7Fl 0 1 / 1 0 / 7 8 / N i l / 0 2 / 2 8 / 7 0
FH7035 11/3c/77 1 1 / 3 0 / 7 7  01/04/78  0 1 / 0 4 / 7 0  0 1 / 0 6 / 7 8  0 1 / 1 7 / 7 0 /Nfi/ fJ7/213/7R
FW70U2 1 1 / . 3 0 / 7 7 1 1 / 3 0 / 7 7  01/00/7fl  01/OU/78  0 1 / 0 9 / 7 8  0 1 / 1 6 / 7 8
FH70U6 1 1 / 3 0 / 7 7

/NA/ 02/?i3/78
1 1 / 3 0 / 7 7  0 1 / 0 0 / 7 8  01/OU/78  0 1 / 0 9 / 7 8  01/16/7R /N6/ 02/28/78

0 1 / 1 0 / 7 8  N O D C  FW7C28  0 1 / 1 8 / 7 8 01/lE/78 0 1 / 3 0 / 7 8  0 1 / 3 0 / 7 8 0 1 / 3 1 / 7 8  0 2 / 0 1 / 7 8 /lJA/ 02/2N/78
Pw7031  0 1 / 1 8 / 7 0  0 1 / 1 8 / 7 8  0 1 / 3 0 / 7 8  0 1 / 3 0 / 7 8  0 2 / 0 1 / 7 9 0 2 / 0 2 / 7 8 /tJ.?/ 02/2Q/7@
FU7036 01/18/7R 01/lP/78 0 1 / 3 0 / 7 8  0 1 / 3 0 / 7 8  01/31/7@ 0 2 / 0 1 / 7 8 /Nn/ 02/2n/”tu
FW70Q5 01/lff/78 01/18/7fl  0 1 / 3 0 / 7 8  01/30/7Ll  0 2 / 0 1 / 7 8  02/01/7R t~nj 02/28/10

01/10/7@ FWS FW6086 0 1 / 1 8 / 7 8  01/113/7R  0 1 / 3 0 / 7 8  0 1 / 3 0 / 7 8  0 7 / 2 6 / 7 8  0 7 / 2 6 / 7 8 10/26/7fl 1 1 / 1 0 / 7 8 lR,n
Ffi6186  0 1 / 1 6 / 7 8  01/lff/7R  01/30/7Fl 0 1 / 3 0 / 7 8  0 2 / 1 7 / 7 8  0 2 / 1 7 / 7 8 11/ol/7P 1 1 / 1 ( ’ ) / 7 8  5 , 9

0 4 / 1 0 / 7 8 NOCC IJcT602 0f4/14/78 OQ/lU/7fl  0 0 / 2 5 / 7 0  0 0 / 2 5 / 7 8 06/02/7R 06/06/78 /NA/ 02/o$l/79

0 6 / 1 3 / 7 8  N O D C  UC1501 C7/C7/7fl  C7/07/7U  0 7 / 2 7 / 7 8  0 7 / 2 7 / 7 8
UC1701  C7/C7/78

OU/25/7~ 00/28/78 /Nn/ 02foR/79 7
C7/C7/7t3 07/27/~U 07/27/78 09/05/7fl  09/(-)5/78 /Nh/ 10

IIC1702 07/c7/7fJ 07/fJ7/7Q 07/27/7tJ 07/27/78 09/05/70 r)’4/05/7fl /Nn/ 10
UC1703 07/C7/78 C7/C7/7n  07/27/78 07/27/7q  OR/25/7P 119/2ff/7ff /MA/
UC170Q 07/c7/7~ c7/07/7ff

0710n/79
07/27/7Q 07/27/78 O?f/25/78 OR/2ff/78 /NA/ 07fom/7?

0 9 / 0 5 / 7 8 NOl)C FW6093 09/c8/70  (lQ/(Jn/78 oL1/~8/7B  09/lB/70 1 0 / 2 3 / 7 8  10/25/7!f /NA/ 10/31/78
FW7C2q c9/cf?/7@  C9/OP/7fl  09/lfJ/7R 09/lU/78 10/2?/7R i n / 2 s / 7 ~ /Nn/ 1 0 / 1 1 / 7 8



FItJfIL
CHECK

0 5 / 1 7 / 7 8
(35/17/78
0 5 / 1 7 / 7 9
05/17/76
0 5 / 1 7 / 7 8
05/17/78
05/17/7fl
0 5 / 1 7 / 7 8
0 S / 1 7 / 7 8
0 5 / 1 7 / 7 8
05/17/7!3
05/17/78

!75/15/78
05/1s/78
05/16/-?8
0 6 / 0 9 / 7 8
13fi/09/78
os/15/7tJ
0 6 / 0 9 / 7 8
0 6 / 0 9 / 7 8

*** FIELC OPEP?I’L’I(!N  STfiTUS REP(JRT ***

hS OF 03/31/79

THE CATh PROJECTS GRCUP ocsEilP - GULP OF ALASKA PINXJECT

TAPE RESEARCII onTE FILE FIELll COCl?POLL L(?GLIST CODEP!ILL LOGLIST
l?O.f4F3  ER UNIT

EDITLOG
PECEIVEC POIiflAT OPER. llAIIEn HPILFD fiETIJ.UNl?O  REJ!URNED  COMPLETF

CCNVF,FJ’
T(7  NOJ’)C

/Na/
/NA/
/?J!l/
/NA/
/Nn /
/?lll/

/N&/
/Nil/
/wn/
/Nn/
/tJP/
/llR/
/Nli/
/tJil/

/NA/
/vn/
/NR/
/unt
/tin/
/NiI/
/l#n/
/tJA/
/tfn/
/NR/
/fIn/
/!Jrlf

/NR/
/wB/
/Nh/
/t?Ji/
/NA/
/MA/’
/NA/
/’NR/’

/WA/
/Nfi/

MAIL FNO
?0 won: NOI’ ES

ALFiSl(A17 467 10/23/78 NOCC AERSR1
AERSR2
A!ZRSI?3
AFRSRU
AERSR5
AlillsR6

l(J/.3o/78
1 0 / 3 0 / 7 8
lo/3c/7a
lf3/30/78
1 0 / 3 0 / 7 8
1 0 / 3 0 / 7 8

?l?/31-J/78
lo/30/7Fi
lc/30/78
1 0 / 3 0 / 7 0
10/30178
1 0 / 3 0 / 7 8

1 6 / 0 ? / 7 9

II

ALAsKJ118 oe3 1 2 / 1 5 / 7 ?  NOI’JC UC1702
UC1807
uc1802
UC1803
UC1804
UC1805
UC1806
UC1808

01/1!3/79
(J1/lF!/79
0 1 / 1 8 / 7 9
0 1 / 1 8 / 7 9
0 1 / 1 8 / 7 9
0 1 / 1 8 / 7 9
0 1 / 1 8 / 7 9
0 1 / 1 8 / 7 9

0 1 / 1 8 / 7 9
0 1 / 1 8 / 7 9
0 1 / 1 8 / 7 9
0 1 / ? 8 / 7 9
(J1/le/7q
0 1 / 1 8 / 7 9
oltli?/79
0 1 / 1 8 / 7 9

0 2 / 0 2 / 7 9
02/02)79
0 2 / 0 2 / 7 9
0 2 / 0 2 / 7 9
02102/79
02(02/7q
0 2 / 0 2 / 7 9
0 2 / 0 2 / 7 9

0 2 / 0 2 / 7 9
0 2 / 0 2 / 7 9
02/02/79-
0 2 / 0 2 / 7 9
0 2 / 0 2 / 7 9
0 2 / 0 2 / 7 9
0 2 / 0 2 / 7 9
02/02/7’4

11,1.1
1 J
IJ
IJ
1.1
lJ
1 J
? J

2 3 / 0 2 / 7 9
“23702/79
2 3 / 0 2 / 7 9
2 3 / 0 2 / 7 9
1 6 / 0 2 / 7 9
1 6 / 0 2 / 7 9
1 6 / 0 2 / 7 9

I

*
P
o

0 1 / 0 3 / 7 8
0 1 / 0 3 / 7 8

OREGON1 lc13 0 5 / 2 5 / 7 7  N O D C  W05220
W05221
~053j(J
u(353~l
W05325
W06211
W06221
W16140
w1615C
W16161
W261U(J
W36070

1 0 / 2 6 / 7 7
lC/26/77
~0/26/77
1 0 / 2 6 / 7 1
1 0 / 2 6 / 7 7
1 0 / 2 6 / 7 1
1 0 / 2 6 / 7 7
1 0 / 2 6 / 7 7
1 0 / 2 6 / 7 7
1 0 / 2 6 / 7 7
lC/26/77
1 0 / 2 6 / 7 7

~0/26/77
lC/26/77
7 0 / 2 6 / 7 7
lC/26/77
lC/26/77
1 0 / 2 6 / 7 7
1 0 / 2 6 / 7 7
lC/26/77
1 0 / 2 6 / 7 7
1 0 / 2 6 / 7 7
10/26/77
lC/2fi/77

0 1 / 0 3 / 7 8
ol/03t78
oJ/03/7J3
0 1 / 0 3 / 7 8
07/03/78
01/173/78
0 1 / 0 3 / 7 8
ol/03/7J3
0 1 / 0 3 / 7 8
0 1 / 0 3 / 7 8
0 1 / 0 3 / 7 8
01/03/78

05/(35/78
0 5 / 0 5 / 7 8
0 5 / 0 8 / 7 8
0 5 / 0 ? / 7 8
0 5 / 7 0 / 7 8
0 5 / 1 0 / 7 8
0 5 / 1 2 / 7 8
05/12/78
0 5 / 0 2 / 7 8
05/12/70
0 5 / 0 5 / 7 8
0 5 / 0 4 / 7 8

05/2U/7fl
05/2Q/78
05/2Q/78
05/7U/78
f)5/2Q/713
0 5 / 2 0 / 7 8
05/2fi/7JJ
05/21#/78
05/20/78
OS/2U/7Jl
05/2Q/7fJ
05/2Q/7R

3P
3R
3J30 1 / 0 3 / 7 8

0 1 / 0 3 / 7 8
0 8 / 0 3 / 7 8
0 1 } 0 3 / 7 8
0 1 / 0 3 [ 7 8
0 1 / 0 3 / 7 8
ol/03/711
0 1 / 0 3 / 7 8
0 1 / 0 3 / 7 8
0 1 / 0 3 / 7 8

31!
3n
3n,3n
3fl
3P
3A,38
3U
3n

‘CiINRDhl 239 03/30/7@ NODC 01NC75
02UC75
03UC75
01uc76
02UC76
03uc76
0UUC76
05UC76

CU/17/78
0 0 / 1 7 / 7 8
0 4 / 1 7 / 7 8
00/17/78
OU/17/78
ou/17/78
0 0 / 1 7 / 7 8
0 4 / 1 7 / 7 8

0 0 / 1 7 / 7 8
ou/17/78
OU/17/78
(JIJ/17/78
0 4 / 1 7 / 7 ?
(-Ju/17!78
0 0 / 1 7 / 7 9
0 4 / 1 7 / 7 8

05/ofl/7fl
05/913/7Fl
0 s / 0 8 / 7 9
05/08/7R
05/08/78
05j08/7R
05,/OP/78
0 5 / 0 8 / 7 8

D5/OU/78
0 5 / 0 8 / 7 8
0 5 / 0 8 / 7 8
0 5 / 0 8 / 7 8
0 5 / 0 8 / 7 8
05/0(3/78
0 5 / o n / 7 8
0 5 / 0 8 / 7 8

05/7’l/78
05/12/7P
05/75/78
0 6 / 0 9 / 7 8
06/0~/7R
05/?5/7e
0 6 / 0 9 / 7 8
06/09/78

0 6 / 1 ? / 7 8
0 6 / 1 2 / 7 8
06/12/78
06/72/78
f)6/12/7t3
06/12/’7C
fJ6/12/78
06/12/78

I
CAI,IP  1 196 07/lf3/7fl tJODC 1SK377

lsl?fJ77
C13/?l/78
C8/31/78

cl?/31/78
C@/31/78



*** FIEID  oPl?RATION  STATUS REPOFT ***

ns OF 03/31/79

THE DATA FRO JECTS GRCUP OCSEAP - GULF OF ALASKA PROJECT

Tll PE REs EnEc H En’rE FILF FIELD CO DE PUJ, L LCGLTST COI)EPNLL  LOGLIST EDITLOG FINAL CCNVFRT RATL FND
NU!IBER UNIT RECI?IVEC FCPIYAT OPER. flAILFO MhILl?D RETOPNED RE’rURNED  COMFLI?TE CRECK TO NODC To Nom NOTl?S

CALIF 1 196 07/18/78 NODC ID1577 (J13/21/7R  GE/31/711 /MR/

cnLIF 2 1?6 02/06/79 UOOC 1sR678 02/12/79 02/12/79 /NA/



*** FIELD OPERATION STITUS REPORT’ ***

AS CP 0 3 / 3 1 / 7 9

THE CATA PRCJECTS GFCOP CJCS  Rnp - GULPOF A L A S K A  PFIO:IECT

ENDNOTES:

?. h. LOGLIS!L  AND CODEtilJLL SEKT RACK TO PI FOR AD~I?I@NhL  CORRECTIONS [12/12/77),
B. LOGLIS’L  ANG COJ)EPULL SENT LJnCR TO PI FOP hJJDI’LICNRL CORRECTIONS (03/16/76),
C, LOGLIS’I  AND CODEPULI  SENT BnCK TO PI FOB AnDITICNAL  CORRECTIONS (04/26/78),
D. LoGLIST ANJJ CODEPULL SENT @nCK TO PI FOR llJIDITIONnL cORRECTIONS (05/18/78]t
E. LOGLIST ANJl CODEPJJLL SENT PACK TO PI FOR nl’)JIITICNAL  CORRECTIONS (06/06/78),
F. LOGLIS’L ANJ) CODEPJJLL SENT 13fiCK TO PI FCF AJ?DI’LICN~L CORRECTXOliS (06/27/78),
G. Lf)GLIS’L  nN1’J COIH?POLL SENT PACK  TO PI FOEI nIJDITICNnL  COt?RECTICJNS  (07/07/78),
H. LOGLIST AND CODEPOLL SENT BACK TO PI FOF ADDI’LYCNRL  COJIR~CTIONS (07/21/78),
J. I,OGLIST AND COJ)J?PUI1 SENT RACK TO PI FCE nJ)DXTICNAL  CORJJECTIONS (03/02/79).

RETURNED TO RN 527
RETURNEIJ TO F’N 527
RETURNED TO RIJ 527
RETURNED TO RU 527
RETURNEL’ TO PO 527
RETUFNED TO RU 527
RETURNED 7’0 RV 527
RETURNED TO RU !527

(ol/lo/7R) ,
( 0 6 / 2 6 / 7 8 ) .
(07/05/78)  ●

( 0 6 / 0 8 / 7 8 ) .
(06/26/78)  ●

( 0 7 / 1 3 / 7 8 ) .
( 0 7 / 2 7 / 7 8 ) ,
(07/m/78).

8 2. TAPE UnS tJNREnDABLE, SENT EACK TO PI TO EE RE-CENERATFD (08/31/77), RETUaNEJ) TO R9 527 (10/21/77~.
N

3. n. IINAUTHOEIZED LIGHT LEVEL nND W E A T H E R  CCCES USED J?Y PT. THESE  WILL NOT BE INcLUDED  IN sVPJIISSIOR  TO NOllC.
B. UNAIJTHOGIZED EISTliNCE TO EIJIDS ENTRY llFELACED BY OUTSIDE ZONE CODE FOR. SUBMISSION TO NOUC.

~. TAPE RETUfiNELl TO PI BECAUSE SFVEII’OF  THE EIGHT EXPECTED FIELD OPS. COIJLJJ NOT BE FOUND (01/03/78).
NEW T A P E  UITH EIGHT FIELO CFS.  17ECEIVEt  ( 0 3 / 3 0 / 7 8 ) .

5. PIELJl OP. FW61R6 IS A CONTINUATION OF FI!?LJI OP. FJJ6086 EJECll[JSE FQ6086 NEEDED JiORi? Tf4AN 999 STATIONS.

6. ONE OF FIRST FIELD OPS. CCNVEJ?TED (02/28/78). FWS J’!ND NODC FORIYnTS SENT TO PI FOR RJ?VTFH.
BETUP??ED TO l?U527 FOR RZVTSTCNS 20 CONVERSION {07/07/7R).

7. DATA FOR IHIS FIELD OP. RFPLACFS  TJ?AT 0R1GINALL% CCJJJ?J)  IN FWS FORHAT AND RECF,IVED  ON TAPE  A7,ASKA  7.

8. ATJI)ITIONAL FEOGRAM WAS RFQUIRED TO CORRFCT TRANSECT ‘TYPE AND WIDTH FOR RU337.

9. T&PE HAD CFLY 2 OF 6 SFECIFIEIJ FIELD OPS. RETUFINl!J)  (10/12/78). NEW TAJ?E RECEIVED [10/23/78).

10. PJ!OBLEJ4S UITH CODING UP J?I?VIRCNHJ?NT  RECORDS JJETEC’TFJI BY RI)083 AFTER USUAL DATA VAJ,TIYATTON
COMPLETED. FURTHER COFRFCTICN  NEEDED.

11. ADDITIONAL DATA FOR FIELD OP. uc1702 WHICH wns 0RIGINATJL9 RECEIVETJ  m TAPE ALfisKA is.



.&
P
Ld

*** FIELD OPJ!RPITON  SThTUS RTPORT ***

fiS CF 03/31/19

TH13 CAT~ PROJECTS GROUP

slJnllA~Y:

TCTAJ.  FIELD OFS,
PFCEIVEC  BY RU :27

CODEPULLS MAILED
TO INVES’fIGhTOR

LCGLISTS  IIAILED
TO INVESTIGATOR

cCDEPULLS GETOFNED
TO RIJ 5 2 7

T,CGLISTS RETORNED
TO RN 527

‘ICTAL  FIELD OFS. BEING
ECITED AT RU 527

FIELI’J OPS, WHICfl  EASSED
FINAL  CHECK

FIEID  CFS,  CCNVEJIIED
TC NODC

9csmip - GIJLF OF ALASKA PROJECT

137

137

137

127

127

8

119

el

FIELD OPS, R A I L E D
TO NODC 147



Appendix II

File Type, 033 Data Validation Procedures
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OCSEAP DATA VALIDATION PROCEDURES
For File ‘Type 033

(Release 6: December 31, 1978)

n order to provide data validation for the File Type 033 data
fro~ the OCSEAP Project, four areas need consideration. These
include card type validation, data range and relational parameter
checking, and format, code, or unit conversion. Since this is a
nulti-card type file, the card type designation must first be
verified ~an incorrect value would lead to the improper
interpretation ‘of remaining fields on that card], along with the
occurrence and sequencing of card types. Second, codes used in each
code field [ex. - a two digit weather code) nust be compared against
all valid codes for that field for ~erification. Next, range checks
must be carried out On all appropriate fields (ex. - sea sarface
temperature should be between certain upper and lower limits), and
relational checks on interrelated fields {ex. - wet bulb temperature
readings should be less than or equal to corresponding dry bulb
temperature readings) . Lastly, if the data are not coded in NODC
for~atq the necessary format changes anst be carried out.

Car6 type designation and sequencing, and valid code field
contents are checked in a program called COI)EPULL. First the card
type is verified. This nust be betueen one and five, and certain
other fields are also checked for further verification (ex. - a type
five card must have a taxonomic code and a sequence number) . Extra
cards and missing cards are detected with the sequencing routine.
This checks th3t the cards are in order, that each station has a
unique one card followed by a unique two card, and that there are no
duplicat~d or skipped sequence numbers. Then the appropriate coile
tables are called, and each code of each code field is compared with
the appropriate table containing all valid codes for that field.

The output from CODEPULL is a listing of the file in order by
station number. Any errors detected are flagged by a brief
descriptive nessage, including a record count for ease in
correcting ~ and, in the case of a bad code, a string of asterisks
under the field. Pollouing the file listing is a summary of all the
codes used for each code field and their definitions. For a bad
code, the record in which it appeared replaces the definition.
Figure 1 is a list of the code groups check~d and Figure 2 is a
portion of a CODEPULL listing.

Data range and relatonal checking are done in a program called
LOGLIST. This verifies the data coded as raw nunbers~ rather than
as codes. The contents of the data fields are first checked far
nu~erics, signs, and leading zeros and then compared to upper and
lower limits appropriate to each field. In some cases the value of
one field is 3ependent on the value of another field and these
relational checks are also made.
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LOGLIST prints a columnar listing for each card type. The
coluIRns are identified by a three character field code defined prior
to the data listing. The record number is listed on the left and
any errors detected are flagged in the diagnostics section on the
right, A totally blank field is indicated by a row of dots and
embedded blanks by an asterisk. Figure 3 is a list of the Iiinit and
relational checks made and Pigure 4 is a portion of a LOGLIST
listing,

These outputs are sent to the Principal Investigator for
correcting. He ch~cks the diagnostic messages and the data and
aarks any necessary corrections directly on the listing. These are
returned to us and the up-dates made to the file with an interactive
prograa called EDITLOG. Then CODEPULL and LOGLISZ are rerun far
final werificat$on.

Finally the data are converted to NODC format {if they were
coded in another format) and submitted to NODC. I’ornat conversion
is done with a program called CONVP~OG. Many different operations
are cazri’ed out at this point. For example, data fields are Roved
from one place to another”on a given card, or onto a different card;
units axe converted and rounded or truncated, or converted to codes;
and codss are converted to those equivalent codes acceptable to
lioI)c. Figure 5 is a list of the conversion routines carried out.
Data collected in NOlY2 format is also run through the conversion
program. This is necessary in order to standardize certain fields
since coding varies between investigators, and inc3.udes providing
leading zeros or blanks, and checking for signs. F’igure 6 is a list
of transformation routines required.

.All of these programs form part of the HARMAP Information
System. Their operation is direct=d by a Master System Table {MST).
The WS’Y has an entry for each field of each card type in a fila.
!l!lli.s contains all the information needed for processing, including
field code, data type, position, upper limit, lower limit,
relational checking and conversion routines. The programs therefore
are data independent and readily adaptable to any file type.

NOTE: An * denotes a change in this entry since the previous report.

.
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FIGURE 1: CODE GROUPS VALIDATED

code Field-- .-— ------

CARD TYPE 1

Platform Type
Ship Activity
Sanpling Technique
Collection Code
Zone Scheme
Angle of View
Observation Conditions
Speed Type
O,B.S. Region
Observer Zocation

CARD TYPE 2

%ind Direction
Swell Direction
Sea State
Meather
Cloud Type
Cloud ABOUDt
Hater Color
visib~lity
Sun Dicection
Glare Intensity
Glare Area
Hoon Phase
Tide Height
Debris
Observation Conditions
Turbidity

CARD TYPE 3

Ice Cover
Ice Pattern/Description
Ice Type
Ice Form
Ice Relief
Ice Thickness
Ice Melting Stage
Open Hater Type
Ice Direction
Distance
Lead/Polyna #idth
Ship in Lead/PoLyna Location
Collection Code
Elantnal Trace
Pond Size
Ice Pactera

FHS columns-—-——

67-68
70
69

60
28-30
74

~6-17

18

61
62

19

1 6 , 2 3 , 3 5
17 ,24
18 ,25
1 9 , 2 6 , 3 4
20,27
21,28
22,29
30
31,36
32,37
33,39,40
38
Gl,&2,43
44,45

Ni3DC COIUMllS-— -—-------

69
71
70
72
73
74
75

45-46
50-51
49
55-56
57
58
59
61
62
63
6Q
68
69
80

63

1 6 , 2 2 , 5 1
32
17,23
1 8 , 2 4 , 5 0
19,25
20 ,26
21,27
28
2 9 , 3 3
30 ,34
37,43,44
42
35,36,37
38,39
49
40,41
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Code Field-.. .— ---- .-

CARD TYPE 4

No Code Groups Appear Here.

CARD TYPE 5

Age Class
SSx
c o l o r  phase
Plumage
M o l t
Counting ?lethod
Reliability
Distance Measurement Type
Association Type
Behavior
Special Marks
Bird Condition
Food Source Association
Debris
Oil
Habitat
Substrate Type
Cover Code
Outsids Zone
Text Flag

Plls columns NODC Columns—.——- -——----

50
51
52
?53
54

55-56
46-47
62
63

74

77

32
33
34
35
36
42
43
44
50
56-57
58
59
60
71
72
76,77
81
82
83

NOTE: An * denotes a change to this entry since the previous report.
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2: SAMPLE CODEPULL LXSTXNG

CODEPULL consists of two major sections. The first lists the
data, sorted by station, card type, and sequence number, flagging
any errors detected. The second SUBS the records by card type: then
lists all the codes used in the file uith their definitions.

Figure 2A is a page from the first section showing how the file
is listed. The dashed lines divide the stations which are listed in
ordez by card type and sequence number, The incorrect records are
flagged and numbere~r first by recordll, which gives the location ia
the entire file; and second by card type#, which gives the location
relative to other records of the same type. This second number
corresponds to the record Dumber on LOGLIST. The following errors
have been flagged:

Bad Card Type -->
The card type is not between 1 and 5.

Missing 2 Card -->
NO environment data was entered for this station.

Bad Code -->
The code entered in the field delimited by an
asterisk is invalid.

Needs Seq HO. -->
The 5 card is missing a sequence number.

Suspicious seq# -->
The sequence number 002 has been skipped,
this also flags duplicate sequence numbers.

Figure 2B is a portion of the second section. This first gives
a summary of the number of each type of record found in the file,
then a list of the codes used and their definitions. For an invalid
code the d~finition is replaced by the record number in which it
appeared, as can be seen for the Visibility Code on card type 2.
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-----------------  ----------------  ------  -------  -------  --------------  ---------------  ----------  ------  -----------  ------  ------  ------------
033 Fw900101)17015U  31Jo11482Q  O; J09122021 800 (J5+1OO15O 1.151 1 0
0J.3?U9001 OO17O2O37 .24015 2 6 f-l 3 97730 1U3

RECORD # 3
TYPI? O 4 1 DAD CA Jib T Y P E  ‘ - >

0.33 PwYOOl(JO  1706 NO FIJ8~J03020201 30020 6 004
0J3FW)O01001705 GN:;U881OO8O1O3 3000020 001
033FW9001001705G WGUOLI1OO8CJ1O3 102040 O(J2
013 Fd’)Ool{)01705RLKX[ 1810080301 50020 003

- - - - - - -  - - - - - - - - - - -  - - - - - - - - - - - - - - -  - - - - - -  - - - - - - - - - -  - - - - - -  - - - - - -  - - - - - - - - -  - - - - - - -  - - - - - - -  - - - - - -  ----_- - - - - - -  - - - - - -  - - - - - -  - - - - - -  - - - - - - - -  - - - -
033FU’JO0100 17815846 O14827OW09122 21800 15*1 OO15O1159 1333 10

< REco RD # u
TYPE 2 # .1 aIss ING 2 CARD  - - >

033FW90010 017 O5IJNGUBIJ1OO8O1OO 22030 001
03.3 FW9001001785GWGUOtJ  10080103 4OI-J1O 002
033 J? H90010017iJ5uN ilut3tJl(Jloo’3oo 11020 003
(J 13FW9001001785U NMUJJ81O1OO3I3O 22030 (304
0.33FIJYO0 10017135N0 FU(MJO3O2O2O1 20010 6 005

JiECOllD # 1.3
TYPE 5 # (9 JJAJ)  C(JUE  - - > 033 F%9001001705No  FU8803020201 11020 x 006

*
().33FW90010017fJ5NOFU8130302020 1 12030 6 007
O33PW9OO1OO17S5NOFIJ88O”IO2O2OI 1(JO 10 2 008

.&
p - --- - - - - - - - - - - - - - - - -  - - .  - - - - - - - - - -  - -.. - - - - - -  .  - - - - -  - -- - - - -. -- -- -- - -- - - -- - ---- - -- - -- - -- -- -- - - - - -- - -- - - - -- - - - --- - --- -.. - - - - -- -. -- ------ -- -
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***** su~fqnfly  *****

.

FCIR CRUISE FU9001

661 TOTAL RFC014DS

1 1 3  ‘YYPE 1 RI?CORI)S
1 1 ?  TYPE  2 HRCOilDS

O TYPE 3 RECORDS
2 TYPE Q RECORDS

433 TYPE 5 RECORDS

1 RECORDS WITH AN
INVALID TYPE

RECOIID  rYPR 1

CONE FIELD: O.LI.S. R E G I O N  - FHS(l:28-30)

CODES COPHENT
091 NORTHUI?ST GULF OF ALASKA (NHGOh)
092 NORTUEAST GULF OF ALASKA (NEGOA)

Cor)f?s CO1’iMi?NT
BLANK
1 SPEED tiADE GI)OD

CODK FIE1!D: PLATFORM TYPE - FUS(l:67-6ft)

CODF,S C’OMMENT
13 NOANA  WAVE

N

cd

rul)l!s cON!iI!NT
5 cC!I!NT  F!i:,)M  S’IIP ‘TO  IIO[{IZ(IN MIT!! ZONE
.{ ,;OIINII  @~i))l $jlIIp T(I PIXZLI u151’hNC~ MITII ZONll



V 4** ~oo~f.iJLL  - FOii CRUISE Fii9001  - FORMAT FUS

CO CIt? k’Il?Ll): SIIIP ACTIVITY - FWS (1: 70)

CO I)E; S CONtl F;NT
1 ST ATIONARY/Lii  YING TO
3 ST EANIN(;

U:lL)li FIULO: 0DS!3RVEN LOCATION - F!4s(l:74)

cfJDl?s COhM??NT
BLANK

fllX3RD TYPE 2
H. ,,

CCDJI F’IELIJ: lilLhTflER - N[JDc(2:\5-56)  - FUS(2: 16-17)

c~r)l?s C.ONffENT
03 CLOUDS GENERALLY FORMING OR DEVELOPING
75 CQNTINuQUS  FALL OF SNOW FLAKES, lIEAVY
00 CLOOD DEVI?LOPMENT  NOT OP.SERVED OR NOT OBSERVABLE

*
m

71 CONTINUOU$  FALL OF SNOW FLAKES, SLIGNT
r+ U3 FOG OR ICE FOG, SKY INVISI.RLE,  THINNING DURING LAST HOUR

68 RAIN OH DRIZZLE ANI) SNOh, SLIG1lT
69 RAIN OR DRIZZLE AND SNOW, llOIJl?RA1’E  OR NI?AVY

CODE FIlil,D: VISIBILITY - NODC(2:61)  - FUS(2:ltJ)

CODES COtIHRNT
1 10-20 KM
A“ *** ()~)()o~7
u 20-50 KM
3 500-1000 METRES
6 U - 1 0  Kfl
4 1-2 KM
5 2-4 Kti
BLANK .

. . CU1)E FIRLI): Oll!iEiiVA~ION CONI)ITIONS  - FWS (2:19)

CODES C O M M E N T
BI.ANK

CIJI)P: IIULD: GLAliE llJ?i!NSI’rY  -  NODC (2:63) - Fws( 2:61)

. .



FIGURE 3: LIMITS AND 3ELATIOtiAL CHECKS

Field Format.-.-.— Ranqes_-.----—

ALL CARD TYPES

Pile Type

File ID

Relations-——--—

Must be 033

Ilust match that of
first rscord on file

Must be blankUnused Columns

CARD TYPE 1

Start/End
Latitu5e

F

N

33-73
0-599

33-73
0-59
0-59
H

degrees
ruinutes/tanths
degrees
m i n u t e s

seconds
hemisphere

Star-t/End
Longitude

F

IQ

178-180
0-599
H

118-180
0-59
0-!59
ii

degrees
ainutes/tenths
hemisphere
degrees
rnin utes
seconds
hemisphere

Date 1-31
1-12

days
months

Time 0-23
1-59

hours
m i n u t e s

* Elapsed Time

Ships Heading F
R

* Ships Speed F

N

0-30 minutes Must not be omitted

0-359
0-35

degrees
degr%es#tens

0-15
> 5

0-’15
60-100

knots
knots
knots
knots

Rben platform is ship
When transect type is 71
For ship surveys
For aircraft surveys
Must not ba omitted
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Field Fornat.—. .- -------- Ranqes--- Relations-— —-- -—

CARD TYPE 2

‘dind Direction F

Wind Speed

* Swell Height F
N

* Sea Surface Temp

* Wet/Dry Bulb
Temperature

Barometric
Pressure

Baro&etric
Trend

Salinity

Thermocline
Depth

CARD TYPE 3

Excess Sediment

Ice Algae

Other Features

Tine of Ice
Conditions

F

F

F

N

0-360 degrees (NOK)C uses a code)

0-50 knots

0-25 feet
0-76 meters/tenths

.9600-1.0400 bars

+, -, 0, or blank

20 0/00 to 34 0/00

0-100 meters

CARD TYPE 4

NO processing required

I

424
.

Check signs

Wet bulb <=
Check signs

5 numerics

Dry bulb
& nuaerics

f9ust be blank when
Baro Pressure is blank

Must be blank

Hust be blank

Must be blank

!!ust increase for
subsequent ice
cards in one station

!’



Field _ForInat Ranges.—. — -—- ---

CARD TYPE 5

Taxonornic Code 88-92 class

Direction F 1-12 o~clock
of Plight N O-35 degrees/tens

Begin/End Zone F 0-30
0-60

Number of
Xadividuals

Relations.— -—----

Trailing blanks must
be paired
Species needed if
subspecies coded

When transect 77 or 78
Shen transect 70 or 77
{unless BZN coded 97-99)
Begin must be < End zone

Must be numeric
Plust not be omitted

NOTES:

In the format field, l?=F8S, H=NODC, and Blank=i30th foraats.
An * denotes a change to this entry since the previous report.
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FIGURE 4: SAMPLE LOGLIST LISTIHG

LOGLIST lists the data for each card type individually in
columnar form. Fields ig each record are keyed by acronym codes,
which are defined OXI a header page,

Figure 4A shows the header page, with acronym definitions, and a
page from the listing of type 1 cards. Blauk data fields are
depicted by a series of dots as in the LTD and LNG fields, while
leading or embedded blanks apFear as asterisks as in the DAT and ELT
fields. The following errors have been flagged:

* 3’ID = FfiOOOl *
‘I’he Ill does not match that of the rest of the file,

* HOR Field Outside *
The hour subfield of time is not between 00 and 23.

* LAT Field Missing *
* LQ~ Field rn~ssi~g X

!lhe start latitude and longitude have been omitted.

Figure 4B shows the header page and a partial listing of type 2
cards. Here the following errors have been flagged:

* gfiy Bad Trend *
The barometric trend is not +, -, or O.

* #SP Not Hatch ?lDR *
Uind direction is not valid for a wind speed of 00.
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*** LOGC,}L . l’oli CI{UISE FU9001 - ChND TYPE 1

lICiiONfM DEFINIIIONS

FTD FIELD Ol~Elihl’I{\N

ST A S’rA’i’ll)N

s ran STfi[{T LA8LIluuE  PEGRRCs

LnT STA,{’I LATITUDE

SIl S!’A8T LA1’ITUDl?  MINUTES

SGD $’i’AN’f  L O N G I T U D E  DEGREE.;

LO N S’1Ai[’1  LONGITUDE

.SGN :iTANT  LONG IT UIJN MINUTES

(-JNfi O.N.S. KEGION

DAY l)AY (SUBFIELD OF DAT]

I’)AT l)ATl! - Dr)nti

MON N,)NTII (SUMFIELl) OF DAT)

1103 lioUR (SUUFIEL1) OF TIII)

TTFl TLNII  -  illlf’iti

flrtl PiLNu’rE5 (SUflFL’ELl) OF L’IN}

PLO END LATITUDE l)EG!tEl$S

L1’1) ilNII LA1’1’IULIE

I?LM END LAIITUI)E  tlINUTIIS

FG I_J liNI) L(~NGI1’UOE  DEGREES

LNG END L:)NGITUDE

p(;fl iilfl) LONGITUDF:  MINUTES

CLT ELAPSED ‘rInk,

rzs 11111,: LOltF  SIGN

T7,N ‘1’ I:IL L(~Nl: tJUHFll!H

.il’n :;I)E!?I) F:ADE Goon

spr !; I.’!: RI} ‘L-Y  PL

FONHAT FWS

HED

llGT

PLT

SMP

ACT

PHO

OI)N

LOC

FIL

ACifONYtl  DEFINITIONS

COUNSE MADE GOOD

IIEICH’T OF 0n3. L{E5  (ABOVE  SEA)

PLATFORM  T Y P E

SAfli?LING TKCHNI.(,!IJE

SHJ.P ACTIVITY

L,[104f0$ ThKRN

o.13.s.  NUIIMLR

LOCATI(JN UN SNIP

CC 75-80 FLAG IF NON-LILhNK

SPECIAL CHARACTERS

INDICA’IES A CODE FIELD

* INDICATES A BLANK CHARACTER IN A FIELIJ

● INDICA1’E3  A TOTALLY BLANK FIELD

/ FIELD IS LISTtD IN THE DIAGNOSTICS IF NON-BLANK
(DATA  W(IIJLI) 0TIIFRNI!3E NO’r FIT ON ONE LINE)

.!=
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*** LOGCOL - V(JN cRNISli  FW9001 - ChNIl TYPE 2 - FORNAT FWS

FI D

STA

HEA

VIS

@llc

M QR

USP

SER

SbIL

s FT

SFT

U NT

1) lJT

nn P

BrlT

N DP

SAL

TMU

GLr

GLA

Tlln

FIL

ASRONYH  DEF[N1TIONS

iIELD OPURATION

S’rA’rION

UliATllEk

VISIBILITY

OMMVAI1ON CONDI’fIONS

UINII DI1{ECTION

ti[Nn SPEED

.iliA STATE

sUELL  liEItillX

SNilFACli  TEMPEliATNllE

lEilPE,lA’1’Uiih (XB’T)

UET  BULN ‘1’FtlPEHATURi+

Dt<f uULC{  TENPI?IiATUHE

DAROtlETtlIC  PRESSURE

UAROMEIHIC TREND

I)GPI’11  TO AIO’YTON

5UnFACll  SALINITY

I)LPTII  Or THEl?tlOCLINE

GLA7E Iti’rl?NSITY

GLAUF AREA

l’lli(131DTT’Y

CC b~I-HO  FLAG  I F  NnN-nLANK

SPECIAL CHAPhCTE3S

INI)ICA’TES  A CODE F’II!LD

* INl)IChTES A BLANK CHARACTER IN h FTELD

. INDICATES A ‘1’OTALLK BLANK FIELD

/ FIELD IS LISTED  IN L’HE DIAGNOSTICS IF  NON-DLANK
(DAYA UOllLD OTHERWISE NOT FIT Oli ONE LINE)
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I’IGURE 5: FSS - SODC COHVERSIOR ROUTINES

Field FRS C91S.-— - - - ?JO13C cCas_—-—--— . .SEQFLEH2G9SQE%

1-3
4-9
10-14
15
16-20

1-3
4-9

11-15
10
16-22

File type
Pile ID
Station Number
Record Type
Start Latitude Degrees, minutes and tenths

convert to degrees, ~iuutes,
seconds. Add hemisphere lYNm.

Start Longitude 21-27 23-30 Degreest minutes, tenths
convert to degs, rains, sees.

03$ Region

D a t e

28-30

31-34

Ho NODC counterpart.

31-36 Add year a~d convert from
day and month to YYMHDD.

‘Tiae
End Latitude
End Longitude
Elapsed Time
Time Zone Sign
Time Zone l?uuber
Ships Speed

35-38
39-43
44-50
51-52
53
54-55
56-59

37-40
@l-Q?
ti8-55
56-57
58
59-60
61-65

Same as Start Lat above,
Same as Start Long above.

Round tenths to whole knots.

Speed Type 60 No l!JODC counterpart.

Course Heading 61-63 6 4 - 6 5 R~und whole degrees to
tens of degrees,

Height of Eyes 64-66 66-68 Convert feet to meters
(multiply by 0.3048, round) .

P3atform Type
Sampling Technique
Ship Activity

67-68
69
70

69
70
71

Convert FUS to NODC code.

convert FRS to NODC code.

Photos Taken
OBS Number

OBS Location

-71
7 2 - 7 3
-?4

Ho NODC counterpart.
No NODC counterpart.
No i?Ol)C counterpart.

observation Cond 75 Move from CO1 19 of FHS
card type 2.

I)istance

watch Type

Trarisect ~~dt~

(Blanks)

76-79
80
83

No E’RS counterpart.
No FHS counterpart.
No FMS counterpart.

75-80
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Field.—. .— FUS cOIS- -  -----—

1-3
4-9
?1-15
10

55-56
57
58
59-60

61

45-46

47-48
49

50-51

52-54

23-26

34-37
30-33

38-39

40-43.
44

16-19

27-29
20-22
62

63
64

432

File type
File ID
Station Number
Record Type

1-3
4-9
10-14
15

,,
15-17Meather

cloud Iype
Cloud Amount
Water color

No FWS counterpart.
No FHS counterpart.
NO F~S counterpart.

~isi.bility
Observation Cond Hove to CO1 75 of NODC

card type 1.

Hind Direction Convert FI?S degrees to
NOllC code {divide by 10,
truncate, and add 1).

20-22

Wind Speed
Wave Ht/Sea State

23-24
25-26 Convert feet to N(IDC code.

No FWS counterpart.

Convert feet to tenths of
meters {multiply by 3.048
then round).

Swell Height 27-28

Sea Surface Temp 29-32 Move sign adjacent to first
significant digit (remove
embedded zeros or hlan.ks).

XBT Temp
wet 8ulb Temp.
Dry Bulb Temp

33-36 No NODC counterpart.
Same as Sea Surf Teap above.
Same as Sea Surf Temp above.

37-40
41-44

NO FHS counterpart.Relative Hunidity

45-f$9
50

Barometric Pressure
Barometric Trend

Truncate left digit.

Bottom llepth 57-54 Convert fatho~s to asters
(multiply by 1.829, round).

Surface Salinity
Tharmocline Depth
Sun Direction

Glare Intensity
Glare Area
Turbidity Code

55-57
58-60

NO FW.S counterpart.

61
62
63 No NC)DC counterpart.

I 1. . .



Field Fws Cols NODC cO~S Special Proce~~Jgg--—- . — ---------- -----—— - --—- —

Light Level
Boon Phase
Tide Height
Tide Bise/Fall
Distanc S to Shore
Distaace to Shelf
SECCHI Depth
Debris Code

(Blanks)

CARD TYPE 3

64-80

File type 1-3
File ID 4-9
StatioD Number 10-14
Record Type 15

Ice In Transect
Cover 16
Pattern 17
TTpe 13
Form 19
Relief 20
Thick 21
Melt 22

Ice Outside Transect
cover 23
Pattern 2Q
Type 25
FOEE 26
Relief 27
Thick 28
Melt 29

Open Hater
Typa 30
DiKeCtion 31
Di.s.tance 32
Lead/Polyna 14d 33

Visible Ice
Form 34
Covar 35
Description
Dirsction 36
Distance 37

65-67
68
69
70
71-74
75-77
78-79
80

81-83

1-3
4-9
11-15
10

?6
40
17
18
19
20
21

22
41
23
24
25
26
27

28
29
30
31

50
51
32
33
34

No Iws
NO Fl?s
No FM’S
!40 ms
No FWS
No FqS
No Fws
No FWS

counterpart.
counterpart.
counterpart.
counterpart.
counterpart.
count~rpart.
cou~terpart.
counterpart.

Code groups not convertible.

Code groups not convertible.

No PUS counterpart.
Code groups not convertible.
Code groups not convertible.
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NODC  Cols—- -- --— --FWS cO~S.-- —— - - - -~cial Processing——— —---- -

Ship in Lead{ Polyna
Location
Uidth
Distance

38
39
40

42
43
44

35
36
37
38
39

45-46
47-Q8
49

52-77
78-80

81-83

1-3
4-9
11-15
10

16-77
78-80
87-83

?-3
4-9
?1-15
10

18-29

30-31
37-41

434

Miscellaneous
Arctic Cod
EXC3SS Sediment
Ice Algae
Eaaual Trace
Other Features
Ice Mot Coverable

41
42
43
Q4
45

Convert FHS to NODC code.
Cods groups not convertible.
C o d e  groups not convertible.

Code groups not convertible.

No tlODC counterpart.

!l!iae of Ice Cond
Sater/Land Percent

No IWS counterpart.
No FI?S counterpart.
No FMS counterpart.Pond Size

(Blanks)
Sequence Number

47-80
50 FWS counterpart.

[Blanks)

CARD TYPE 4

File type
File Ill
Station Number
Record Type

1-3
4-9
10-74
?5

16-77
78-80

Text
Sequence Number
(Blanks]

CARD TYPE 5

File type
Pile ID
Station tlu~ber
Record Type
Species Name

1-3

4-9
10-14
15
16-19 Yo NOI)C counterpart.

/

20-31 Blank out trailing
zero doublets.

TaxOnoriiic Code

Species Group 32-33
34-38HO of Individuals

!1



Field FRS Cols NODC Cols.-— . .- —--—--— —-------- - S~cial Processi~_-——-——-

Counting Bethod
Reliability
Dist l!!easure  l!ype
Distance to Birds

Begin/Outside Zone

End Zone

Ti~e iato Transect

Behavior
Flight Direction

Age
Sex
color
PLuinage
Molt

Association Type
Multi-Species Link
NO of Species
Special Marks
Bird Condition
Food source

Tax Code for Food
Debris
Oil

39-40

41-&2

43-45

46-47
48-49

50
51
52
53
54

!55-56
57-59
60-61
62
63

64-73
74

Diet from Breed Colony

Habitat

OBS Observer No 75-76
Text Flag Code 77

Sequence Number 78-80
Substrata
Cover

42
43
Q4
Q5-Q7

%3

1 6 - 2 7

5 6 - 5 7
48-49

32
33
34
3!5
3 6

50
51-53
5 4 - 5 5
5 8
59
6 0

61-70
71
7 2

7 3 - 7 5
76-77

7 8 - 8 0
81
82

No FWS counterpart,
Ho F*S counterpart.
No PHS counterpart.
No FWS counterpart.

Convert to Outside Zone
only when coded 97-99.

Ho NODC counterpart.

Round ainutes and tenths
to whole minutes.

Convert fron clock position
relative to ship to compass
direction in tens af degrees
(multiply by 30, add rounded
heading from card type 1).

Convert FRS to NODC code.

No FUS counterpart.

HO FES counterpart.

No FMS counterpart.
No Fws counterpart.

No NODC counterpart.
No NODC counterpart.

No FWS counterpart.
No FWS counterpa~t.
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Yhe following fields will have Leading Zeros
or Leading Blanks inserted as necessary.

Leading Zeros——.— Leading Blanks—.. -. —.-.— -———

Station Humber Ships Speed
Start Latitude Height of Eyes
Start Longitude hind Speed
End Latitude Sea Surface Teap
End Longitude wet Bulb Temp
Date and Tine Dry Bulb Temp
Course Heading Bottom Depth
14ulti-Species  Link No of Individuals
Flight Direction-

Sequence Number

NOTE: An * denotes a change to this entry since the previous report.
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FIGURE 6:

Field—.. -

Sea Surfacs Tenp

Dry Bulb Temperature

Wet Bulb Temperature

Flight Direction

Taxonomic Code

NODC TRANSFORMATION ROUTINES

Card:Cols—.— -- Processing-— — - -

2:23-26 Move sign adjacent to first
significant digit (remove
embedded zeros or blanks) .

2:30-33 Same as Sea Surf Teap abov~.

2:34-37 Same as Sea Surf TeBp above,

5:48-49 Compass reading of 36
replaced by 00 degrees.

5:18-29 Blank out trailing zero
doublets.

The following fields will have Leading Zeros
or Leading Blanks inserted as necessary.

Leadi~ Zeros—-- -------

Station Number
Start Latitude
Start Longitude
End Zatitude
End Longitude
Date aad Time
Course Heading
Hulti-Species  L i n k
Flight Direction
Sequence Number

Leadinq Blanks-—— -—

Ships Speed
Height of Eyes
Hind Speed
Sea Surface Temp
Uet Bulb Temp
l)r~ Bulb Temp
Bottom Depth
NO of Individuals
Transect Hidth

NOTE: ArI * ~enotes a change to this entry since the previous report.
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Appendix 111

File Type 033 Data Analysis Products
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OCSEAP
Bird Census Analysis Products
[Release 1.0; 1 Februa~ 1979]

Background

A series of four products have been identified by OCSEAP for use in
the analysis of bird census data. Developed through the auspices of the
Juneau Project Office, Dr. George Hunt @l1083), and the Data Projects
Group @U527], these products are based on data acquired in File me 033,
and are stored, retrieved, and portrayed through use of the M.4RMAP Infor-
mation System.

The four products are entitled Digital Density Plot, Contour Plot,
Star Diagram, and Statistical Analyses. This report describes the p~d-
ucts, associated Data Smnary Table, and includes sample output from each.

File Type 033 Data Summary Table

The Data Summary Table serves as a reference point for use with the
four analysis products. Show in Figure 1, it lists a variety of raM data
parameters for each transect. In addition, two parameters listed are de-
rived from other raw data in the file. These parameters are the transect
length @ meters) and the area surveyed (in square kilometers]. Also
listed is a block reference number defined in the Digital Density Plot
description.

Digital  Density Plot

This analysis produces a digital plot of bird densities, using a high
speed prfiterj as shown in Figure 2. The area portrayed wrresponds  to
the geographical area in which the data were all.ected,  separated into ten
minute by ten minute blocks. A reference number for each block is included
in the File Type 033 Data Sunnnary Table. A Block Identification Her
display, Figure 3, is similar in appearance to the plot, but contains block
reference numbers instead of bird densities. This master reference is used
to relate a block number on the plot with transect data in the table.

Three values are obtained for each block. They are the largest number
of birds per square kilometer on any transect, the mean number of birds per
square kilometer for all transects, and the smallest nmberofbinls per
square kilometer seen on any transect. The values are printed in aposi-
tion on the plot which corresponds to the particular block. The mean value
is printed in the middle, with the largest and smallest density values
printed above and below the mean, respectively. To assist in interpreting
the plot, a mylar overlay is available, which shows land masses and bottom
depth contour lines in the area being studied.

Densities can be calculated with respect to any time of day, behavior,
season, month, subset of species, or combination of these or other parameters.
Also, the user may specify that only a certain portion of tie total area
surveyed be displayed.
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File ~ 033 Data

1

SUumlaly Table
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SEE LAST PAGE FOR ff.ECESSANY  KEYS

OCSEAP  - EILE_lYEE.Q13-QAM-SUNflABY

OATA PROJECTS GROUP
PfiSTtJRE  LABORATORY
UNIVERSITY OF RHODE 1 SLANO

UC1701

7 J!~LY 1977 - 11 J U L Y  1 9 7 7

10, x 106 BLOCK  NUMBER

-AIslLUM.mmL.lREILLLlml
BLK LATiTUOE L O N G I T U D E

129

E
w

129

130

58 04 N

5B 04 N

SE 01 N

170 34 u

170 38 H

170 26 U

FIELO
QEEL.

UC1701

UC1701

UC1701

-QAIE-
Do MM YY

1 0  0 7  17

10 07 77

10 07 77

TRAN.
IIME LENG.
HHMM d I ! l l -

0650 4015

0640 4015

1720 3706

AkEA E N V I R O N M E N T A L ____ULSEOYAIIQt&.-E~--
SURV. ._._+cuM21D9r4L._—.
liS!U~ Srltp S A L  BOt?P ONSH  0S0 N4ME SEEN bc oc

1 . 2 0 06 3 2 4

1.20 86 324

1.11 83 321

79

Ilo

75

5 4  1 0 2  NORNEO PUFF[N
MURRE SPS
MURRE SPc
f4URRE  SPe
NURtiE SPO
MURRE  SPm
NORTHERN FULMAR
NO@ThERN  FUL’lA~  tUARKl
NORTHERN FULMAR  (LIGHT]
NORTHERN FULNAR tLIGHl)
NORTHERN F’ULMAR ILIGHTI
TUFTEO  PUFFIN
TUFTE13 PUFFIN

5 4  1 0 4  8LACK-LEGGEO KtTTiMAKE
MUIMtE SP-
MURRE SPe
MuRRE  SPe
MURRE SPS
W.IRRE SF*
MURRE  5P,
MURRE  SPO
NORTHERN FUL~AR  (OARKI
NIIRTHERN  FULMAk  (DARK)
NORTHERN FULMAR  (LIGHT]
NORTHERN FULMA~ (LIGtlTl
NORTHERN FULMAR  (L!GHTI
SOOTY SHEAt7WA7ER
SUOTY  SHEARWATEK

4 9  1 0 0  MURRE SPD
MURRE SF*
MURRE  SPO
NITF’THERN FULMAfi IOARKI
NORTHERN FULMAR  (LtGHT)
NORThERN  FULMAH  ILIGHTI
NORTHERN FIJI-MAR (LIGHT)

2 32
1 20 19
3 20 15
4 20 00
4 20 18

20 20 19
1 20 09
2 32
1 20 09
1’ 3 2
1 32
i 32
1 32

1 20 18
1 01
1 20
2 20 18
3 20 09
3 20 15
4 20 15
5 20 18
1 32
3 20
1 20 18
i 32
2 20
1 20
3 20 18

i 20  ie
5 20 18

13 20 18
1 12
1 32
1 32
1 32



DhTA PROJECTS GROUP
PASTORE l1!B0RAT0R%
UNIVERSITY ’OF RHOOE [SLANI)

lot  x lot gLu~K  f+uM~ER

-6ML-E!LMUMULLO.EQJJLMU
13LK LATIWIJE  L O N G I T U D E

58 03 N

58 05 N

58 07 N

lTO 26 M

170 26 u

170 25 w

F IELO
SWER*.

UC1701

UC1701

uci701

__QAIE_-
0 0  W4 Yv

10 07 77

1 0  f17 7 7

&o 07 77

OCSEAP - ElLEJXl!EJlXL_I14UJi_SlIY!MBX

UC[701

7  j!JLy  1977 -  11 JULY 19T7

TRAN.
IMYE LENG.
HHMM _lJ31-

1710 4015

1700 3706

1650 3706

AREA ENVIRONMENTAL
SURV. __-.-_fs9fYQfUMi——.——
~M2k STMP SAL  BOE? ONSH DSB

1.20 83 321

1011 63 321

l.li 88 318

75

7 5

76

51 103

!53 1 0 5

55 1 0 6

____-_MSEBYMIQM--—-_—-
NUMDER

NhME

TUFTED PUFFIN

t#3RNE0  PUFFIN
MURRE SPO
MURRE  SPO
MURRE  SP-
WJRRE  SP-
MI.)P.RE  SP+
W)RRE  SPe
NORTHERN FULMAR  [OARKI
NORTHERN FULMAR  (LIGHTI
NORTliERN  FULNIIR  ( L I G H T )
NORTHERN FULMAR  (LIGHT)
NORTHERN FULMAR  ILIGHT)
NORTHERN FUL14AR  {LIGHT}
SOOTY SHEAPWATER
sOOTY SHEARHATER
TUFTED PUFFIN

ALCIOAE
WJRRE  SPe
NORTHERN FULMAR  (OARK1
NORTHERN FULM4P  [OARK)
NORTHERN FULMAR  (LIGHT1
NORTHERN FULqAR  (LIGHT)
SHEARUATER  [PUFFINUS}
SHE4RH4TER  (PUFFtNUSl

BLACK-LE(XEO  KITTIMAKE
COMWQN MURRE
MURRE SP.
MUPRE  SF.
N O R T H E R N  FULMAR (OARK)
NORTHERN FULMAR  {LIGHT}
NORTHERN FUL~4R lLIGHT\
NORTHERN  FULMAR  (LJGHT)
NORTHERN FUL’4AR  ILIGHT)
SOOTY SHEARWATEP

SEEN BC OC

1 20 la

z 32
1 20 00
1 32
2 20 18
3 20 Ill
3 3 2
4 20 in
2 32
1 3 2 .
1 32
1 32
1 32
1 32
i 20 ia
L 32
2 32

5 20 i8
1 20 00
1 32
1 32
1 20
i 32
1 32
2 20 18

2 20 00
2 20 18
i 20 00
4 20 18
1 20 00
1 20 00
i 20 00
1 32
1 32
5 .20 1!3



llhTA PROJECTS GR(JW
PASTORE L13BORATORY
UNIVERSITY OF RHUI)E  ISLAND

_AJw.PR&mmLLDEJi-Lk!lNl
llLK L A T I T U D E  LUNGITUI)E

130

138

E
W

136

L39

139

5fl 09 N

5(! 00 N

50 01 N

58 03 N

Se 04 N

170 26 u

16Y U4 H

169 01 W

168 58 U

168 5 5  W

FIELIJ
lll?EE.-

uct70i

UC1701

UC1701

UC1701

UC1701

—RME--
IJD MM YY

10 07 77

11 07 77

11 or 77

11 07 77

11 07 77

llflE
HHMM

1640

0200

0210

0220

0230

UCI 701

7 JULY 1977 - 11 JULY 1971

TR AN.
LE NG .
- L M l -

4015

4324

4 3 2 4

4324

4015

AREA
SURV.
mm

1 . 2 0

1 . 3 0

1 . 3 0

1030

1.20

ENVIRONMENTAL ——_--———MSEUMMWiCm=-—
___JxUwUlms-....
STMP SAL fJtJEP  GNSH  O S B N4ME SEEN  DC OC

88 318

90 319

9 0  3i9

90 319

8q 3 1 9

75

71

71

71

71

tHICK-BILLEIJ  MuRRE

5 7  1 0 8  HORNED  PUFFJN
NORTHERN FULVIIR  (OARK)
NOFTHERN FULMAF.  {DAKKI
NORTHERN FULilhR ~LIGHtl
NoRTHERN FULMAR lLIGHT?

58 105 BLACK-LEGGED KXTTlhAKE
HLACK-LEGGEO  KITtlhAKE
8LACK-LEGGFO  KITTIMAKE
EN.ACK-LEGGEO  t(lTTIwAKE
MURRE  SP.
MURRE  SP.

6 0  1 0 6  13LACK-LEGGEO  K!TTIHAKE
OLACK-LEGGEU  KITTIW(E
BLACK-LEGGED KITTlhAKE
WIRE  SP.
MURRE  SP.
MURkE SP.
f4URRE  W.
NORTHERN FULMAR
NOPTHERN  FULMAR [LIGHT)
NORTHERN FULVAR  (LIGHTt
RUDDY TURNSTONE

6 2  108 IIIACK-LEGGEO KITTIkAKE
DI.AcK-LEGGE’J  KITTIHAKE
fJL&WK-LEGGED  KITTlhAKE
MURRE SP.
NOF!THERN  FULMAP  {LIGHT)

6 5  110 NLACK-LEGGED  KITT[hAKE
RLALK-LEGGED  KITTIMAKE
OLACK-LEGGE’J  KITTIUAKE
6LACK-tEWjE!J  KITTikAKE

4 20 la

2 32
1 20
3 32
1 20 00
1 32

1 32
1 32
2 01
5 32
1 32
2 20 09

L 20 15
2 32
z 32
1 20 05
1 20 09
1 20 09
1 20 09
1 20,18
1 32
1 32
1 20 t!l

1 32
1 32
3 32
1 Zq 05
1 32

1 20 27
i 32
2 32
3 32



OATh  PROJECTS GIU.JUP
PAST13RE  LMIORATL)RY
UNIVERSITY OF RHUOE ISLAND

10, x lot ULO(J(  NuMf)E~

-ANR.J?J3SlIIllN-LREG_fdUML
BLK LATITUDE LONGITUDE

139 58 06 N 168  52,W

140

140

140

50 01 N 168 45 H

58 03 N 168 45 U

58 0 7  N ,.160 4 5  u

50 09 N J68 46 W

FIELO
O.EER..

UC1701

Ucf 701

UC1701

UC1701

UC87U1

UC1701

_Q&lE.-
00 MM YY

1 1  07 7 7

11 0 7  7 7

11 0 7  77

il 07 77

11 07 77

11 01 77

OCSEAP  - EILEJUE.Q23_EAIA_SWlLlAAX

Uci ?01

7 JULY 1977 - 11 JULY 1977

.21E!E
HHF,M

0240

0340

0330

0320

0310

0300

TRAN.
I.ENG.
- f B l -

4015

4o15

4015

3706

3706

4015

AREA ENVIRGNMENTAL
SURV. -.-—UWQU.ilNYS____
~Z~ 5TW SAL f3UEP ONSH OSL!

L*ZO 89 319

1 . 2 0 90 314

1 . 2 0 90 314

1.11 8 8  314

‘1.i; 88 314

1 . 2 0 88 3 1 4

70

70

70

70

70

69

6 7  112

6 4  105

66 107

68 109

69 110

7 1  116

-.-.—_;--_WfiKYAIlQM—___-—___
NUMBER

NAME SEEN fiC DC

BLAcK-LEGGEO KITTIHAKE
t4URRE  SP.
MIJRRE SF.
t4URRE  SPm
MUPRE  SP.
MURRE 5P.
NORTHERN FULMAP (LIGHT}

BLACK-LEGGEO  KJTTIHAKE
13LACK-L~GGED  KIITIUAKE
I!LACK-LEGGED  KITTihAKE

BLAcK-LEGGED KITTlkAKE
BLACK-LEGGED KITTiMAKE
BLAcK-LEGGEO  KIIT[kAKE
BLACK-LFGGEtY  KITTIMAKE
JAEGER  [JPOJ
J4EGER  (JPt3}
NORTHERN G.ULM6W
NoRTHERN FULMAR  (LIGHT)
S130TY SllEARWATER

13tALK-LEGGFi3  KITTINAKE
JAEGER {JPOI
JAEGER [JPO}
NORTHERN FULMAR

OLACK-LEGGEO  KITTikAKE
NORTHERN FULWAR IOARK)

OLACK-LEGGEO  KITTIWdKE
8LACK-LEGGEO K1tTthAKE
OLAcK-LEGCED KITTrVAKE
JAEGER  IJPO)
MURXE 5P.
NORTHERN FuLM4R
NUIITHERN  FUL!4AR (DARK)
NORtHENN FULVAR ILIGHT)

1 32
1 01
f 20 05
1 20 22
1 32
i! 20 09
1 32

6 20 i~
io 32
51 20 18

1 32
1 99
3 32
9 32
1 32
1 99
1 32
1 32
1 20 09

1 99
1 20 05
2 qq
k 32

22 32
1 20 19

i 32
2 32
3 20 05
1 20 18
t 20 05
1 32
1 32
1 20 09



OATA  PROJECTS GROUP
PA STORE LAIJORAI’L)k Y
UAIVEPSITY  O F  Rt{CIDE  lSLAND

143

:
h

14.5

146

58 07 N 168 19 W

57 59 N 171 50 M

57 54 N 171 42 Ii

FIELD
OPERA.

UC1701

UC1701

UC[701

_DAIE..
DO MM YY

11 07 77

10 01 77

10 07 77

OCSEAP -  E1LLIHBE433-RAILSUMMABX

UC1701

7 JULY 1977 - 11 JULY 1977

TRAN. AREA ENVIRONMENTAL -_——-_m&Eu&llaM  _ _ _ _ _ _
llflE LE NG ● SURV, __-—IXlNQlIlfJt!lS_____
HHMM

NUMBER
-t,M1- llU3Zl sTMp S A L  BDEp o N S H  DSB NAUE SEEN BC DC

NURTHERN  FULWAR ( L I G H T )

0250 4015 L .20 89 319 69 6 9  114  RLACK-LCGGEO  KllT!hAKE
BLACK-LEGGED KI?TIUAKE
BLACK-LEGGED KITTlhAKE
BLAClt-t_EGGEO  KTTTIWAKE
MURRE  SP,
MURRE SPO
NORTHERN FULMAR
RUOOY  TURNSTONE
RUOOV  TURNSIONE

0230 4324 1.30 B9 326 1 0 2 6 8  8 3  OLACK-LEGGEll  I(lTTIUAKE
flLACK-LEGGEt)  K1lTtWAKE
BLACK-LEGGEO  K~TTIHAKE
BLACK-LEGGED KITTllIAKE
9LACK-LEGCELI  KtTT~hAKE
COWION  MURRE
HURNEO PUFFIN
NORTHERN FULMAW  tOARKl
NORTHERN FULMAR tOARK)
NORTHERN  FULMAP  {DARK?
NORTHERN FULMAR tOAtfKl
NORTHERN FULMAR (OARKt
NORTHERN FULMAR lUARK1
NORTHERN  FULMAP  /t.IGHT}
NORTHERN FULMAR (LICHTI
NORTHERN FULM811  (LIGHT)
NORTHERN FULM4R  [LIGHT)
SOOTY  Shearwaters
SOOTY SHE6RWATER

0200 4 0 1 5 L .20 8 9  3 2 6  1 0 2 61 81 BLACK-LEGGED KITTIUAKE
BLhCK-LEGGEtl  KITTIHAKE
NORTHERN FULW4R
NORTHERN FIJLMAR 10ARKj
NORTHERN FULYAR [OARKI
NORTHERN FUL14AR tOAPKl

1

2
3
6

2 5
1

2
2
1
1

:
1
7

;
3
1

:

20

32
32
20
32
2 0

;:
20
32

2 0
32
20
2 0
20
2 0
2 0
2 0

::
2 0
32
32
2 0
2 0
32
32
2 0
20

2 0
01
32

::
20

09

09

0 9

0 9

3 0

0 0
27

30

27



OATA PROJECTS GIWJP
PASTORE LABOkAIONY
UNIVERSITY OF RHUDE 1 SLAND

Jum.J?LlslIlflLuFEG-Ll!ut.il
ELK L A T I T U D E  LONGITUOE

146

57 56 N 171 44 H

57 57 N i7i 4 7  w

FIELO
Ql?Eli.-

UC1701

UC(701

OCSEAP -  .EILEJXEE-Q3UU311iJiilMMABX

UC1701

7 JULY 19?1  - 11 J U L Y  1 9 7 7

TRAN.
—RAIE_ IIME I.ENG.
00 NM YY HHM14 - l l ! l -

1 0  07 7 7 0210 4015

10 0 7  T7 0220 4015

AREA ENVIRONMENTAL ——-—-—--—QUBYM19M———--.—.
SURV* ._—_-r#ilNDIIILINs——__
lKMZL STMP SAL F3DEP  DNSH 0S0 NhME

NORTHERN FUL!4AR
NORTHERN FULMAP
NORTHERN FULMAR
NORTHERN FULMflR
NORTHERN FULMAF
NORTHERN FULt44~
NORTHERN FULMhR
NORTHERN FULNAP
NORTHERN FULMAR

1*2O 89 326 ld2 64 82 BLACK-LEGGED KITTiUAKE
JAEGER tJPfll
NOPTkERN  FULMAR
NORTHERN FULNAR
NoRTHERN FULMAF  !OAF.KJ
NORTHERN FULMAP  (IMRKI
NORTHERN FULMAR IOARK1
SHORT-TAIL SHEARWATER
SHORT-tAII.  SHEAGUAtER
THtCK-BILLED  MUItRE
TUFTEI)  PUFFiN
TUFTEU PUFF[N
TUFTED PUFFIN

1*2O 8 9  3 2 6  1 0 2 6 6  82 9LJMX-LE(XED KITTtHAkE
oLACK-LEGGED KITTIUAKE
BLACK-F.EGGEO  KITTlkAKF
IILACK-LEGGEI)  KITTIMAKE
JAEGER  (JPLI)
JAEGER tJPOt
NORTHERN FULNAR  {oARK)
NORTHERN FULMAP  tOARKt
NoRTHERN FULMAR  tUARKt
NORTHERN FULMAR  IDAKK$
NORTHERN FFJLN4E tDARKl
NORTHERN FULMIIR  tL)GHTi
NORTHERN FULMfLR  tLIGHT)
NORTHERN  fULMAR  tLi(itlT)

NUMBER
SEEN

t
.2
3
1
1

:
3
4

Bc ix

32
99
20 30
20 27
20 30
32
20 30
99
32

2 20 30
1 20 27
1 32
3 32
1 20 22
1 20 27
4 01
1 20 22
1 20 27
1 20 22
1 20 09
1 32
1 32

i 20 is
1 20 30
2 32
6 01
1 20 22
2 20 18
1 01
1 20 00
1 32
2 20 30
3 32
i 20
1 20 2?
i 20 30

,,



Lld TA PRO.JECTS bttUUP
PhSTORE  LADORATURY
U N I V E R S I T Y  UF RJiUTJE ISLAND

uci701

7 JUI. Y 1977 - 11 JULV  1 9 7 7

I f ) ’  )( 10’ IJLUCK NUM13ER
.ANJ--Tl~llQN-U.l.ELfi-J4lU

BLK LATITUOE  LONGITUUE

147 57 51 N

147 57 52 N

lrl 36 u

171 39 H

FIELO
RRER.-

UC170L

UC1701 10 07 77

TR4N. AREb ENVIRONMENTAL
ImE LENG. SURV. —----LQNulI.lrltm----
HHMM m.+l- Ml!!Zk STMFI SAL BDEP  DNSH DS13

0140 4015 L*2O 89 325 101 57 60

0150 %OB5 1 . 2 0 0 9  325 1 0 1 59 8(J

--- _—_______ wiEEYALmNL——-----—
NUMB ER

?iAME

NORTHERN FULMAR lLIGHT1
NORTHERN  FULMAP [LIGHT}
NORTHERN FULf4AR  (LIGHT]
!j1307Y  SHEARUATER
THICK-lJfLLEO  tlUP.RE

HL7RME0 PUFFIN
JAEGER IJPO)
NI)PTHERN  FtJLMAR
NORTHERN FULM19R
NORTHERN FULMAR (DARK)
NORTHERN FULMAR 10ARK)
NORTHERN F(JLMIIR  {DARK)
NORTHERN FULMAR  (DARK;
N!)RTHERN  FULMhR  (DARK)
NORTHERN FULHAR  ((.IGHTI
NORTHERN FtJLMAR  (LIGHT)
NORTHERN FULVAR  ILIGHTJ
NURTHERM  FUt.MAR { L I G H T I
S130TY SNEARWATER
TUFTEIJ PUFFIN
TUFTED PUFF[N

nLACK-LEGGEO  KITtltlAKT,
t3LAClt-LEGGEO  KITTIWAkE
LILACK-LEGGEO  KtTtIMAKE
JAEGER {JP(I}
MURtiE  W.
MuRRE SP.
NORTHERN FUL~AP  II)ARK}
NORTHERN FULMAR  IIJARK}
N~JRTHERN  FULMAR  IUARKI
NORTHERN FULMAR ILIGHT)
NORTHERN FULMAR  ILIGHTI
N13T!THERN  FULMAP  ILIGNTI
NORTHERN FUL’4AR [LIGHTI
$I]oTV SHEARWATER
SOOTV  SUEAPWArEP

SEEN  UC oc

1 32
1 32
1 32
1 20 30
1 32

1 32
1 20 09
1 20
3 20 00
1 32
2 32
3 32
4 32
4 32
1 32
1 32
1 32
3 32
2 20
2 31
2 31

1 20 15
1 32
1 32
1 32
1 20
2 32
2 20 27
Z 32
3 20 30
1 20 18
1 20 30
2 01
2 20 30
1 20 15
2 20 27



KEY  FOR A80REVIATED  COLUMN HEADINGS
--—.-——  .-. -----. ----. -- ——— --———. -— —----  —------

HEADING

13 LK-LAT-LUN

FIELD OPERO

DATE

rIME

TRANm
LENG.  6M)

AREA SURVa
~KM29

STt4P

SAL

noEP

DNSH

DSB

NAME

NUMBER
SEEN

Bc

m

OEFINITION

BLOCK  NUMBER CORRESPONDING TO BLOCK  IDENTIFICATION
NUMl\ER ON ASSOCIATED WAP. EACH MJHBER  REPRESENTS
A  UN14)UE  10C X 10s ULOCK  O F  A R E A . FOR EXaNPLEj  THE
OLOCK  lNOICATED  BY LATiTUOE  57 00  N ANO LONGITUDE
169 30 W HILL ENCOMPASS ALL SIGHTINGS WITHIN
T H E  B(YJNOARIES  OF LATITUDES 57 00 00 N ANV
57 09 59 N AND LONGITUDES 169 30 00 W ANO 169 39 59 W.
A 8LCCK  NUMBER OF ZERO INO#CATES  THAT THE AREA
IN bIHICH  TI+E TRANSECT ToOK PLACE HdS NOT WITHIN
THE SPECIFIED BOUNDS. AN ASTERISK NEXT TO THE
OLOCK  NUMBER INDICATES THAT THE TRANSECT WILL NOT
BE USED IN THE CALCULATION OF OENSITIESe

FIELC 0PE17ATICN OURING WHICH SIGHTING WAS MADE

DATE (OD MM YVj

START TIME OF TRANSECT IN HOURS AND MINUTES

TRANSECT LENGTH IN METERS

AREA SURVEYED IN SQUARE  KILOMETERS

SURFACE TEMPERATURE IN TENTHS OF DEGREES CELSIUS

S U R F A C E  SALINITY  IN TEhTMS OF PARTS PER THO(JSANO

BOTTOM DEPTH iN WHOLE PETEPS

OISTANCE  TO NEAREST SHORE IN WHOLE NAUTICAL MiLES

DISTANCE TO SHELF 13RE4K EN WHOLE NAUTICAL MILES

CCMMGN NAME OF THE BIRO  SIGHTED. IF THE COMMON NAME
1S NOT KNIIWN, THE SCIENTIF~C  NAME WILL DE
PRINTEOO IF THESE  ARE NOT AVAIL~BLEO
T H E  TWELVE  DIGIT  TAXONQMIC C O D E  WILL BE PRINTEOO

NUMBER  OF OIRDS ACTUALLY SIGHTED. AN ASTERISK
INDIChTES  THAT THE vALUE HILL NOT BE
USEO  IN T H E  CALCULATIGN  OF D E N S I T I E S

UEHAVIOR CODE

OIRECTICIN  OF FLIGFIT  IN TENS OF DEGREES FRO!4 O U E
NORTH IN A CLOCKMISE FASHiCN



Figure 2

Digital Density Plot
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Figure 3

Block Identification Nunibers
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Contour Plot

Surfaces of constant bird abundance (numbers of individuals)  are
plotted h this horizontal mntour produc; shown in Figure 4, Abundance
data for all sightings at a given point are first summed [i.e. nore than
one transect could have been made at the same location) , and, together
with location, are used as input to a horizontal contour analysis program
written by Calcomp, Inc. A grid pattern [latitude, longitude) covering
the area studied is established, and input location and abundance data
are used to determine an abundance at the location corresponding to each
grid intersection. From this regular array, contours of constant abundance
are dete-d and drawn.

The user has the option of specifying many of the parameters used in
the calculation, These include the upper and lower location bounds, the
number of grid subdivisions, the tier of nearest neighbor values used
in the calculation of abundance at each grid point, the order of the
function used to estimate abundance at each grid petit, the levels at
which contour lines are to be drawn, and the size of the resultant plot.
The choice of parameters depends upon the amount and geographical distribu-
tion of sightings data. In the example (Figure 4], a twenty by twenty grid,
twelve nearest neighbors, third order fit, auto-determination of plot bound-
aries, and contour lties from zero to tie hundred in increments of one
hundred were specified.

Any subset of abundance data may be chmen. Selection may be made,
as in the Digital Dmsity Plot, on the basis of species, time, behavior,
temperature, or any other observed parameter or combination thereof,

Star Diagram

This analysis prwluces a map showing bird flight patterns, as shown
in Figure 5. The sumey area represented is divided into twenty minute
by twenty minute blocks. Within each block, abundance data are suunned as
a function of flight direction in thirty degree intervals. A vector, whose
length is proportional to the number of individuals flying in a given direc-
tion, is then drawn. A star pattern results when all vectors within a
block are drawn from a conmn origin. The number of individuals represented
is recorded just following each vector arrowhead.

Drawn on a twelve inch drum plotter, a convenient map size ~ shows lxo
degrees latitude and any ntznber of degrees longitude, Ibr cases where the
area of titerest covers more than two degrees latitude, several two degree-
wide maps are drawn, and can be aligned to show the total area. The mapin
Figure 5 covers an area of four degrees latitude by five degrees longitude
and is drawn in a Miller projection.

As with other products in this series, the user may select abundance
and flight direction data based on a series of criteria which include, for
example, species, time, distance from shore, etc. , or any combination of
parameters.
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Figure 5

Star Diagrm
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Statistical Analvses

h this product, the titerdependence  of bird density tid physical
parameter data (selected according to user criteria) is evaluated through
use of selected programs from the Statistical Package for the Social Sciences.
Individual sighting data are used vis a vis data summed by region. Three
analyses are perfonmd: stepwise multiple regression, factor analysis, and
canonical correlation. Sample results are shown in Figure 6.

The stepwise multiple regression mxtine is used to examine varia-
tions in the number of birds per square kilometer (the dependent variable]
as a function of variations in sea surface temperature, surface salinity,
distance to shelf break, distance to nearest shore, and bottom depth [the
independent variables]. A linear regression formula is calculated along
with a number of other statistics including a table showing which inde-
pendent variable(s) is [are} the best predictor(s) of the dependent vari-
able.

The factor analysis sdroutine attempts to reduce the number of
variables required for study by examining the intercorrelations of all
variables and indicating a small, number,of variables which account for
most of the variance in all of the variables. The major differace be-
tween stepwise multiple regression @ factor analysis is that factor
analysis does not distinguish between dependent variables and indepmmt
variables. Factor analysis does not explain dependent variable variance
in terms of independent variable variance. It maximizes the explained
variance of all variables available to it.

Canonical correlation analysis takes as input two sets of variables
and attempts to account for a maximum amount of relationship between them.
This is be by deriving a linear combination from each of the sets of
variables in such a way that the correlation between the two linear com-
binations is maximized. In this case, one set consists of the set of de-
pendent variables (the density per square kilometer) while the other set
is comprised of the independent variables as listed in the discussion of
the stepwise multiple regression subroutine.

*
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STATISTICAL PACKAGE FOR THE SOCi AL SCIENCES SPSSH  - RELEASE 6-02

-.
SPACE ALLLICATION FOR THIS  RUNO,

TUTAL AMOtX’t T REQUESTEO 81920 BYTES

OEFAULt  TRANSPACE ALLOCATION 1 0 2 4 0  tlYTES

MAX Nll  OF TRANSFORMATIONS PERMITIEO 102
t4fiX Flu tlF RECODE VALUES 4 0 8
M A X  N O  OF ARlTHt400R  LOG,OP,ERATIqNS 8 1 6

RESULTING MLIRKSPACE  ALLOCATION 71680 BYTES
a,...

RUN NAME UENSITV  S T A T I S T I C S  -  UC3701  - ALL  SPECfES
FILE NAME BIRDSKM2  ~
DATA LIST FIXEO  8KM2 2 9 - 3 5  ST14P  34-39  S A L  4 1 - 4 3  BDEP

DNsli  5 0 - 5 3  Dsll  5 5 - 5 7

TFE IMTA  L I S T  PROVIOES.FOR 6 VAR1A8LES  ANO I R E C O R D S  (SCAROStl  PER CASE-  A

DUMP OF THE CONSTRUCTED FORMAT  STA~E?4ENT.-
[28X,F7aO*F4cU.lXtF3,0*lX~F4sOtlXsF4*OSlX~F3001

INPUT llEOIUfl
+
a N OF CASES
o NISSING VALUES

V~R LABELS

REGRESSION

OPT 10NS
STATISTICS

m

*****  REGRESSION  pROB~En  REQul~Es

OISK
UNKNOHN
8KM2 S?MP S A L  B O E P  ONSH  DSB{-lB
BKt42  NUNBER  OF 131ROS  P E R  S Q U A R E  Kti.OMETER/
STMP SURFACE TEMPERATURE-TENTHS OF OEGREES

4 5 - 4 8

MAXIWiR  OF 57 COLUMNS ARE USEO ON A RECORD.

SAL SURF SALINITY-TENTHS OF PARTS PER 1000/
BOEP  8CTTON DEPTH IN WOLE  M E T E R S /
ONSH  UISTANCE  TO NEAREST SHORE-WHOLE NAUT Ml/
0S8 DISTANCE TO SHELF BREAK-WIOLE  NAUT Hit
VAR1ABLES=BKM2 S T M P  SAL BOEP DNSM 0S0/.
REGRESSION=BKM2 UtTM  STMP S A L  BOEP O N S H  OSBtl) RESlO=O/
2
ALL

1248  B Y T E S  MORKSPACEt  NOT INCLUDING RESIDIJALS  *****

REAO INPUT OATA

AFTER REAOING 346 CASES FROM SU8FltE tliROSKM2t ENO OF FiLE, UAS ENCOUNTERED CM LOGiCAL UNIT t 8



DENSITY STATISTICS -  UC1701  - A L L  S P E C I E S

FILE BIRDSKt42

VARIABLE MEAN STANUARO  DEV CASES

0KM2 9 0 . 1 1 2 1 2 1 2 , 6 4 0 9 3 3 0
STMP 03.0604 1 0 . 7 5 9 3 342
SAL 322.7105 2-9879 342
BOEP 31707601 635.9427 346
DNSH 3 7 . 8 4 3 5 220?532 3 4 5
OSB 57. Sbbo 4100020 2 1 2

OENSITV  STATISTICS -  UC1701  -  ALL SPECIES

F IIE nIRosKM2

CORRELATION COEFFICIENTS

A VALUE OF 99-00000  1S PlttNTEIl
IF A C O E F F I C I E N T

LOWER  TRIANGLE:
UPPER TRIANGLEI

CdNNUT  BE COMPUTED.

CORRELATION COEFFICIENTS
N OF CASES FOR CORRELATION

BKM2 STnP SAt. tJDEP ONSti DSB

I(!KM2 331J. 326. 326. 3 3 0 , 3 2 9 , 196.
ST?4P ‘ 0 . 3 3 8 0 6 342. 3 4 2 , 342. 3+$1* 2 1 2 .
SAL -0.04003 o* 11457 342. 3 4 2 * 341* 2129
BOEP -0.05240 0 . 2 0 9 4 0 o* 59709 3 4 6 . 3 4 5 . 2 1 2 *
ONSH - 0 . 2 9 7 ? 1 0 . 5 6 3 1 1 0 . 2 3 9 8 6 0 . 2 7 4 0 6 345* 2120
IISB - 0 . 5 2 4 9 1 0.01143 - 0 . 6 4 5 1 3 - 0 . 5 5 0 5 6 0 . 1 1 3 4 7 212*



*●●●●●☛☛☛4*●●+****●●●●●***

IL

●●●●☛☛4●**●

*

#-

0g
**z0-

●
n

n
z

S
w

w
l
-
a

z
tn

m
n

+●☛☛●●●●☛●●●☛☛☛☛☛●●☛●●●☛●●☛☛☛☛☛☛☛☛☞☞☛☛☛●

“020:

*

I
*

d
●

0*
*

I

●☛☛☛☛☛☛☛●☛●☛

*

miY<>

462



OENSITY STATISTICS - UC1701 - ALL SPECIES

FILE BIRDSKM2

* * * * * * * * * * * * * *  * * * *  * * * * * M a l t  lPLE R E G R E S S I O N * * *  * * * * * * * * * * VARIA6LE L I S T  1
REGRESSION LIST 1

DEPENDENT VARIABLE.. BKM2 NUMBER OF 91RCS  PER SQUARE KILOMETER

VARIABLEIS)  ENTERED UN STEP NUMBER 3.. BDEP BOTTOM  DEPTH IN WIOLE METERS

MULTIPLE R 0 . 1 6 0 3 0 ANALYSIS OF VARIANCE OF
R SQUARE () .57618

SUM OF SQUARES
REGRESSION 3 .

ADJUSTED R SQUARE 0 . 5 7 1 5 9
5097v03.49rar

RESIDUAL
STANOARD  ERROR

192. 3719250.19832
139.18008

MEAN  SQUARE
1699301.16594

19371.09478

F
~1.72355

- - - - - - - - - - - - - - - - -  VaRIALIES  IN T H E  E Q U A T I O N ..- - -. - -- - --------- -

VbRI ABLE B BETA S10 ERROR II F

DSB - 5 * 3 4 6 5 2 -1.03093 0 . 3 3 0 3 9 261.E167
SAL - 3 7 . 0 4 0 7 1 - 0 . 5 2 0 4 8 4 . 7 1 8 1 9 6 1 . 6 3 2
ODEP - 0 . 1 0 3 4 0 - 0 . 3 0 9 2 3
lCCNSTANT)

0 . 0 2 0 2 9 2 5 . 9 6 9
12384.17194

- - - - - - - - - - - - -  V A R I A B L E S  N O T  I N  T H E  E Q U A T I O N  - - - - - - - - - - - - - -

VARIABLE 8ETh  I N PARTIAL TOLERANCE F

STNP -0s15624 -0-22758 0.89+94 10.433
DNSH 0 , 0 3 8 6 1 0 . 0 5 1 4 0 O* 74754 Oe 506

E VARIABLEI

MULTIPLE
R SQUARE

S} ENTEREO  UN STEP NUMBER 4.. STMP SURFACE TEMPERATURE-TENTHS OF DEGREES C

R 0.77461 ANALYSIS OF VARIANCE OF SUM OF SQUARES MEAN SQUARE
0 . 6 0 0 0 3 REGRESS1ON 4 . 5290533.55460 1322633.38865

F
7 1 . 6 3 3 1 7

ADJUSTEO  R SOUARE 0.59165 RESIDUAL 191.
STbNOAPO  ERRUR 135.8B223

3526620.1415’3 10463.97900

‘ - - - - - - - - - - - - - - - -  V A R I A B L E S  lN T H E  E Q U A T I O N  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  V A R I A B L E S  N O T  I N  T H E  E Q U A T I O N  --- - -- - -- -- -- -

VARIAflLE 0 B E T A STO ERROR B F VARIABLE BETA IN PARTIAL TULERANCE F

OSB - 5 . 0 ? 4 4 2 - 0 . 9 7 8 4 6 0 . 3 3 3 3 6 231.677 DNSH 0 . 1 6 3 6 2 0 . 1 9 4 2 4 0.563?2 7.450
SAL - 3 5 . 3 8 5 5 3 - 0 . 4 9 7 2 2 4 . 6 3 4 0 1 58.289
eoEP -o.oe744 - 0 . 2 6 1 9 1 0 . 0 2 0 4 2 18.344
srMP -3.0B~90 - 0 . 1 5 6 2 4 0095401 10*433
(c(JNSTANTI 1200U.27312



DENS ITY’ STATISTICS - UC1701  - ALL SPECIES

FILE BIRDSKM2

.m * * * * * * * * * * *  * * * * * * * * * * *  * H“ULTIPLE R E G R E S S  1  O N * * *  * * * * * * * * * * VARIABLE LIST 1
REGRESS1ON LIST 1

DEPENDENT VARIABLE.* BUM 2 NUMBER OF BIROS  PER SQUARE  KtLOMETER

VARIABLEISI  ENTERELI ON STEP NUMBER 5-G ONSH DISTANCE TO NEAREST SHORE-MHOLE  NAUT MI

MuLTIPLE  R 0.76429 “ ANALVSIS O F  VARIhNCE O F SUN OF SQUARES NE4N SQUARE F
R S O W A R E 0 - 4 1 5 1 2 REGRESSION 5* 5423594-28389
ACJUSTEO  R SQUARE 0.60499

100%718.B5678 6 0 . 7 3 1 6 9
RESIOUAL 190. 3393559.41230 17860.83901

STANOARO  ERROR  1 3 3 . 6 4 4 4 5

- - - - - - - - - - - - - - - - -  VhRIABLES  I N  T H E  E Q U A T I O N - - - - - - - -  - - - - - - - - - -

VARIABLE B* BETA STD ERROR 8 F

OSB - 5 * 4 1 8 4 3 - 1 . 0 4 4 8 0 0 . 3 5 1 2 8 237.921
SAL - 3 9 . 1 7 1 5 3 - 0 . 5 5 0 4 2 4.76465 67.584
8DEP - 0 . 0 9 0 8 3 - 0 . 2 9 5 5 8 0.02051
STMP

2 3 . 2 2 4
- 4 . 5 5 3 4 3 - 0 . 2 3 0 4 0 1 . 0 8 2 7 8

ONSH
1 7 . 6 8 5

1 . 5 2 9 0 9 0.16362 0.56022 T.450
(CONSTANT) 13398,52211

* \
E MAXIMUt4  STEP REACHEO

DENSITY STATIS1[CS--  UC1701  - ALL SPECIES

FILE BIROSKH2

* * * * * * * * * * * * *  * * * *  ******UUL  TtFL’E REGR

OEPENOENT  VARIABLE.. BKM2 NUMBER  OF BIRDS PER SQUARE KtLOMETER

VhRIAf)LE

Osi’1
SAL
ODEP
STMP
ONSH
(CONSTANTt

SUHMARY  TAOLE

MULTIPLE i R SQUARE

OISTANCE  TO SHELF t)REAK-MHOLE  NAUT Ml 0052491 0.21553
SURF SALINITY-TENTMS  OF PARTS PER 1000 0 . 7 2 1 8 9 0 . 5 2 1 1 3
BOTTOM OEPTH  IN HHOLE  METERS 0 . 7 6 0 3 8 0 . 5 7 8 1 8
SURFACE TEMPERATURE-TENTHS OF OEGREES  C 0.77461 0 . 6 0 0 0 3
OISTANCE TO NEAREST SHORE-UHOLE  NAUT HI 0.78+29 0 . 6 1 5 1 2

OENSITY  S T A T I S T I C S  -  uci701 - ALL SPECiE5

- - - - - - - - - - - —  V A R I A B L E S  N U T  I N  T H E  E Q U A T I O N  - - - - - - - - - - - - - -

VARIABLE BETA IN PARTIAL TOLERANCE F

ESS I ON ** ● * * ** *** * **

RSQ CHANGE SIMPLE R

0 . 2 1 5 5 3 - 0 . 9 2 4 9 1
0 . 2 4 5 6 0 - 0 . 0 4 0 0 3
0 . 0 5 7 0 5 - 0 . 0 5 2 4 0
0 . 0 2 1 8 5 - 0 . 3 3 0 0 6
(1.01509 - 0 . 2 9 7 7 1

B

VARIABLE LIST 1
REGRESSION  L I S T  1

BETA

- 5 . 4 1 8 4 3 - 1 . 0 4 4 6 0
- 3 9 . 1 7 1 5 3 - 0 . 5 5 0 4 2

- 0 . 0 9 8 8 3 - 0 . 2 9 5 5 0
- 4 . 5 5 3 4 3 - 0 . 2 3 0 4 0

1.52909 0 . 1 6 3 6 2
13398.52211



OENSITY STIITISTICS  - U(,170L  -  A L L  S P E C I E S

FILE BIRDSKM2

* * * ** ** ** * *** * ** * ** * * * * MUL T 1 PL E REGRE  S S I ON ** *** * ● * * * * ** + * * * * * *** *

UEPENDENT  VhRIAtiLE: bKM2

S ECIttUM

1
2
3
4
5
6
7
n

1;
11
12

:2
15
16

D 17
E 18

::

::
23
2 4
25
26
2 7

n
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

OBSERVEO
l)KM2

MISSING**
MISSING**
MISSING**
MISSING**
MISSING**
MIssING**
MISSING**
MISSING**
MISSING**
MISSING**
MISSING**
MISSING**
MISSING**
MISSING**
MISSING**
MISSING**

4.000000
5.000000
5.000000
5.000000
5.000000
5.000000
6.000000
6.000000
7.(300000
7.000(JOO
7.000000
0.000000
9.000000
9.OUOOOO
10.00000
10.OOUUO
10.(30000
lU.00000
10.00000
10.00000
10*OOOOO
10*OOOOO
10*OOOOO
11000000
ti.ouooo
ll*IIOUOO
11.00000
11.00000
li?.000oo

F RCM V6RIABLE  L I S T  1
REGRESSION LIST 1

PREOICTEO
BKM2

-lo4.47~*7
- 7 8 . 6 2 5 2 4

164.1290
187-9656
233.4986
187.9656
158.9462
2 0 8 . 6 1 0 5
172.5960

- 9 2 . 1 4 2 5 5
147.1793
183.9331
190.8806
166.2951
213.7837
227.6707

‘ 2 6 . 0 0 4 9 3
- 4 . 4 0 7 6 1 0

2 0 4 . 4 1 1 6
155.0241
220.1701

- 1 7 , 0 9 1 6 3
- 6 . 1 0 3 7 7 2
- 5 7 . 4 2 1 9 5
- . 4 9 0 0 3 2 9

3 9 . 9 2 9 9 9
- 1 3 . 7 8 3 6 2
- 7 0 . 4 2 1 3 9

5 . 7 3 1 3 3 0
- 4 6 . 3 1 1 5 2

7.288644
3*37i079
171.1689

- 2 6 . 8 5 1 4 9
- 5 5 . 0 6 1 6 9

174.3720
MISSING**
MISSING**
MISSING**

- 1 9 2 . 0 4 5 7
181.3195

- 1 1 . 2 9 4 1 4
- 1 4 . 0 3 3 4 7

MISSING**
- 4 0 . 7 7 8 5 0

RESIOUAL

MISSING**
HISSING**
MISSING**
MISSING**
MISSING**
MISSlkG**
MISSING**
MISSING**
MISSING**
MtSSING**
MISSING**
MISSING**
MISSING**
MISSING**
MISSING**
MISSING**

30.oe493
9 . 4 0 7 6 1 3

- 1 9 9 . 4 1 1 8
- 1 5 0 . 0 2 4 1
- 2 1 5 . 1 7 0 1

22.09164
12.10378
6 3 . 4 2 1 9 5
7.490041

- 2 8 . 0 2 9 9 7
20.70362
7 8 . 4 2 1 3 9
3.268682
55.31753
2 . 7 1 [ 3 6 0
6 . 6 2 8 9 3 2

- 1 6 1 . 1 6 8 9
3 6 . 8 5 1 4 9
65.06171

- 1 6 4 . 3 7 2 0
MISSING**
MISSltuG**
MISSING**

163.0458
- 1 7 0 . 3 1 9 5

22.29413
25.03346

MISSING**
6 0 . 7 7 8 5 0

PLOT OF STANDAR(31ZEI)  RESIOUAL
-2*O - 1 * O 0 . 0 1 . 0 2 . 0

:
1
1
1
I

:
1

:
I
I
I
I

:*
*

* 1
● 1

* x
I*
I*
I*
*

*1
:*
I *
*
I*
$
*

*
:*
]*

*
:
I
I
I

● I $*

::
1
1*



DENSITY STATISTICS - UC1701 - ALL SPECIES

46
47
48
4 9
50
51
52,
53
54
55
56
57
50
59
60
61
62
63

. . . 64
65
66
67
68
69
70
71

*
m 72
m 73

74
75
76
71
78
79
80
01
82
83
04
85
06
n7
Re
89
90
91
9 2
93
94
95
96
97
9 0
99

12.00000
12.00000
12.00000
12. UOOOO
13.00000
13.00000
13.00000
13.00000
13.00000
14.00000
14.00000
14.00000
15.00000
15.00000
15.00000
15.00000
15.00000
15.09000
.15.00000
15.00000
15.00000
15.00000
16.00000
16.00000
16.00000
JbeOOOOO
16.00000
16.00000
lb.00000
16.00000
17.00000
17.00000
17.00000
18.00000
le.000oo
18.00000
18.00i300
18.00000
10.00000
10.00000
18.00000
19.00000
19.UUUOO
19.00000
19.00000
20.00000
20.00000
2i.000oo
21.00000
21.00000
21.00000
21.00000
21.00000
21.00000

t41SStNG**
- 4 9 . 0 9 6 3 6

31.03252
20.06568

- 2 3 9 . 8 4 2 3
- 1 3 2 . 1 0 1 9
- 9 . 9 5 2 5 4 0

MISSING**
MISSING**

- 1 0 . 5 2 7 5 7
16.84309

- 5 7 . 6 ? 5 0 3
- 2 0 1 . 5 1 2 0
- 2 2 0 . 7 2 6 5
- 1 8 . 4 0 5 0 8
- 3 . 0 0 1 7 8 6

196.0769
189.0982

- 9 . 2 7 9 8 4 7
MISSING**
MISSING**

13.10289
- 1 4 0 . 5 7 0 6

2 0 3 . 0 8 3 6
- 1 3 3 . 1 8 1 2
- 2 4 , 3 9 2 4 0

6 . 7 3 4 9 3 2
- 1 . 0 4 4 1 5 7
- 6 0 . 0 3 5 2 9

MISSING**
2 4 . 1 6 1 9 6

-49. ,53455
149.5784

- 2 3 2 . 9 9 3 7
- 1 6 1 . 2 3 2 8
- 5 8 . 0 4 5 5 5

● 8465954
t41SSING**
MISSING**

12.30906
112.9915

-13a*9844
- 9 0 . 7 1 9 5 9

4 8 , 9 3 3 3 0
. 6 2 . 0 3 1 5 9
- 1 3 7 . 7 9 8 5

MISSING**
- 2 1 3 . 1 3 9 5

43.50983
2 0 0 . 5 2 2 5

- 3 2 . 6 4 9 0 0
6 4 . 3 0 2 3 1

- 1 2 4 . 2 4 1 4
412.9661

MISSING**
6 1 . 8 9 6 3 6

- 1 9 . 8 3 2 5 0
- 8 . 8 6 5 6 6 0

2 5 2 . 0 4 2 5
145.1021
22.95255

MISSING**
MISSING**

24.52757
- 2 . 8 4 3 0 9 6

71.67505
2 1 6 . 5 1 2 0
23%. 7267
3 3 . 4 0 5 0 8
18.80179

- 1 8 1 . 8 7 6 9
‘ 1 7 4 . 0 9 8 2

24.27S85
flISSING**
MISSING**

1.817tLl
156.S787

- 1 8 7 . 0 8 3 6
1 4 9 . 1 0 1 4
40.39241
9 . 2 6 5 4 7 6
17.04414
7 6 . 0 3 5 2 9

HISSING**
‘ 7 . 1 6 1 9 6 3

66.53455
-132.5?84

2 5 0 . 9 9 3 8
179.2329
7 6 . 0 4 5 5 5
17.15341

MISSING**
141SS1NG**

!5.610940
- 9 4 . 9 9 1 5 2

157.9846

I
*

● ▼

▼

109.7196
- 2 9 . 9 3 3 3 0 4
- 4 3 . 0 3 1 5 9 *

157.7986
HISSING**

2 3 4 . 1 3 9 7
- 2 2 . 5 0 9 8 3 4
- 1 7 9 * 5 2 2 5 *

5 3 . 6 4 9 0 0
- 4 3 . 3 8 2 2 9 +

1 4 5 . 2 4 1 6
- 3 9 1 . 9 6 6 3 *

*
*

*
*

*

*

&

*

*

*

*

*
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OENSITY STATISTICS - UC1701

208
209
210
211
212
213
214
215
216
217
218
219
220
?21
222
223
224
225
226
227
228
229
230
231
232
233

% 234
w 235

236
23T
238
239
240
241
242
243
244
245
246
24?
24B
249
250
251
252
253
254
255
256
257
258
259
260
261

49.00000
4Y.ollooo
49.003(70
49.00000
50.00000
5u.oouol)
50.00000
50.00000
51.00000
51.00000
52.LUN)OO
53.00000
54.00000
54.00000
55.00000
56.00000
5b.OUOOO
56.00000
56.00000
57.00000
57.00000
57.OWJL)O
50.00000
60*OOUO0
6 0 . 0 0 0 0 0
6 0 . 0 0 0 0 0
6 1 . 0 0 0 0 0
62.00000
62.00000
b%ooooo
63.00u0O
63*U(X)O0
63.00000
6 5 . 0 0 0 0 0
66.00000
67.00000
67.000UO
70.00000
70.00000
7U.00000
?l.tiol.)i)o
72.00000
72.00000
72.00000
73.00000
73.00000
73.LNN.MIO
75.00000
76.00000
78.00000
78.00000
78.00000
78.00000
78.00000

. ALL SPECIES

75.32753
9 2 . 5 7 4 3 6
256.9497
303.616!5
92.31514

MISSING**
MIsSING**

333.1328
MIssING**

- 7 3 . 6 1 8 9 9
137.8486

- 1 7 8 , 4 9 5 3
- 2 1 5 . 7 2 3 7

3 0 3 . 9 7 9 0
160.6330
210.Bb23

f41SSING**
- 9 0 . 2 5 0 2 9

4 0 8 . 0 0 0 4
M1$SING**
MISSING**

4 0 6 . 5 5 9 3
MISSING**
MISSING**
MIsSING**

- 1 6 1 . 9 6 0 0
4 0 4 . 6 8 7 3

MISSING**
MISStttG**
M[sslNG**
MtSSING**

- 2 2 1 . 1 4 2 0
3 0 5 . 7 4 6 3
35fl.8489
!TIssING**
MISSING**

2 7 5 . 7 5 0 7
163.3331
2 7 3 . 0 9 6 4

MIssING**
MISSING**
MIssING**

121.6749
2 6 5 . 6 2 4 0

MISSING**
MISSING**

- 1 6 9 . 7 3 9 4
MIsSING**

364.7791
MIsSING**
MISSING**

5 4 . 5 9 5 5 5
3 2 3 . 7 5 9 8
195.1209

- 2 6 . 3 2 7 5 3
- 4 3 , 5 7 4 3 6
- 2 0 7 , 9 4 S 8
- 2 5 4 . 6 7 6 7
- 4 2 , 3 1 5 1 4

MIsSING**
MISSING**

- 2 8 3 . 1 3 2 8
MIsSING**

124.6190
- 8 5 , 8 4 8 6 0

2 3 1 . 4 9 5 3
2 6 9 . 7 2 3 6

-249.’9793
- 1 0 5 . 6 3 3 0
- 1 5 4 . 8 6 2 3

MIsSING**
146.2503

- 3 5 2 , 0 8 0 4
MtSSfUG**
141SSING+*

- 3 4 s . 5 5 9 3
MISSING**
HISSING**
HISSING**

2 2 1 . 9 6 0 8
- 3 4 3 . 6 0 7 3

MISSING**
MISSING**
MISSING**
f41SSlNG**

284.1421
- 2 4 2 . 7 4 6 6
- 2 9 3 . 8 4 9 1

MISSING**
HISSING**

- 2 0 9 . 7 5 0 8
-93.333to
- 2 0 3 . 0 9 6 6

t41SSlNG**
MIsSlhG**
MISSING**

- 4 9 . 6 1 4 9 3
-193.624t

MISSING**
MIsSING**

2 4 2 . 7 3 9 5
MISSING**

- 2 0 8 . 7 7 9 1
HIsSING**
MISSING+*

2 3 . 4 0 4 4 5
- 2 4 5 . 1 6 0 0
- 1 1 7 . 1 2 0 9

*

*

*

*
*

*

*

*
*

*

*

*

*

*

*I
*I

1
I

*I
1

:
1
I *

* 1
I *
t *
I

+ I
# I

I
*

:
1
I
1
t
1

●
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D E N S I T Y  SThTISTICS  - UC1701  - ALL SPECIES

Z 62
263
264
265
2bb
267
268
269
z 70
271

,272
273

, 274
275
276
27”7
218
279
280
281
282
283
284
205
286

$. 287
4 280
0 289

290
291
292
293
294
295
296
291
296
299
300
301
302
303
304
305
306
307
300
309
310
311
312
313
314
315

79.00000
133.uoouo
63.00000
E*.(JOOUU
E17.00UUO
88.00000
88.OUUOO
88.00000
92.0000U
92.00000
93.00000.
9 3 . 0 0 0 0 0
94.00000
96.00000
98.00000
102.OOUO
103.0000
1U4.(IOUO
104.OOOU
1U4.0000
104.0000
io5.000o
105.0000
106.0000
106.0000
108.0000
108.0000
109.0000
111.0000
113.0000
113*OOOU
L15.0000
117.0000
118.0000
118.0000
119.0000
120.0000
124.0000
125.0000
128.0000
128.0000
129.0000
1 2 9 . 0 0 0 0
137.0000
130.0000
140.0000
143.0000
144.OUOO
152.0000
15Z.UOOO
154.OUOU
16U.OUOO
163.l)l)uo
165.000U

- 2 2 1 , 1 4 2 0
MISSING**

373,43%1
374.6199
4 1 4 . 6 0 1 1
136.6057
3 8 1 . 9 6 4 4
54.70021

MISSING**
139.0444

MISSING**
MISSING**

- 7 . 0 8 2 9 7 1
3 9 7 . 7 3 9 7

- 1 0 1 . 0 8 7 1
MISSING**
MISSING**
HISSING**
HISSING**

321.3994
-ZL5.7Z37

MISSING**
MISSING**
M[SS!NG**
MiSSING**
MISSING**

2 5 8 . 2 7 0 0
MiSSING**
MISSING**
HISSING**
MISSING**
HISSING**
MISSING**
MISSING**
MISSING**

- 7 6 . 5 6 1 3 3
MfSSING**
t41SSlNG**

150.3031
1 3 3 . 7 4 9 2
MISSING**

1 5 1 . 5 4 6 0
MISSING**
MISSING**

3 6 7 . 1 3 9 2
Z!39.4104

- 7 0 , 3 9 5 2 6
t4iSS1NG**
MtSSING**
HISSING**
MISSING**

3Z8.0662
M#SSING**
MiSSING**

300.1421
MISSING**

-29CL .4343 *
-290.6802 *
-327.6011 *
-46.60568
-293.5b4b *

3 3 . 2 5 9 7 7
HISSING**

- 4 7 . 8 4 4 3 9
MISSING**
MISSING**

10I.C83O
-301.7397 * ,

199.0872
fl[SSING**
?41SS1NG**
MBSSING**
141SSlNG**

-217m3997 *
319m7236

HISSING**  ~~
$!lSSING**
MISSING**
HISSING**,
t41SS1NG**

-150.2701 *
HISSING**
141SSlNG**
HISSCNG**
MiSSING**
HISSING**
MISSING**
t41SS!NG**
141SS1NG**

195.9613
MISSING**
~ISSING**

- 2 5 . 3 0 3 0 5
-5.7%5179

MlsStNG**
- 2 2 . 5 4 5 9 6

MISSING**
MISSING**

‘229.13’95 $
- 1 4 9 . 4 1 0 5 *

Z13.3953
MISSING**
HISSING**
MISSING**
MISSING**

- 1 6 8 . 0 6 6 5
MISS!NG**
MISSING**

*

I
* I



DENSITY STATISTICS - UCl~Ol

3 1 6
31t
318
319
32o
321
322
323
324
325
326
327
320
329
330
331
332
333
334
335
3 3 6
3 3 7
338
339
340
3 4 1

& 342
4 3 4 3
P 3 4 4

345
3 4 6

170. (NJoo
1 7 2 . 0 0 0 0
i 92.0000
1 9 3 . 0 0 0 0
1 9 9 . 0 0 0 0
2 0 8 . 0 0 0 0
20!3.0000
2 1 1 . 0 0 0 0
2 2 9 . 0 0 0 0
2 3 1 . 0 0 0 0
2 4 0 . 0 0 0 0
240.0000
2.49.0000
2 5 1 . 0 0 0 0
2 7 4 . 0 0 0 0
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1. SUMMARY OF OBJECTIVES, CONCLUSIONS, AND IMPLICATIONS
WITH RESPECT TO OCS OIL AND GAS DEVELOPMENT

A. SUMMARY OF OBJECTIVES

The objectives are to coordinate and conduct an analytical quality-
assurance program that compares results among Principal Investigators (PI’s)
within the OCSEAP program, as well as between OCSEAP and other BLM-funded
investigators, and to recommend procedural modifications for improved
analytical techniques, particularly those dealing with polar organic com-
pounds associated with petroleum.

B. SUMMARY OF CONCLUSIONS

We conclude that:

1. Our new hydrocarbon extraction procedure for marine sediment,
using a ball-mill tumbler at ambient temperature,” is useful for processing
large numbers of samples.

2. Intralaboratory hydrocarbon analyses of the OCSEAP Interim Refer-
ence Material (sediment) using three traditional boiling-solvent extraction
methods and our latest ball-mill extraction method gave comparable results,
within experimental uncertainties (10).

3. The Interim Reference Material (sediment) prepared by OCSEAP was
sufficiently homogeneous to be distributed to collaborating BLM/OCS  PI’s
for interlaboratory  calibration investigations.

4. Polar organic compounds related to petroleum can be effectively
prepared for gas chromatographic  (GC) or high–pressure liquid chromatographic
(HPLC) analysis by a combination of adsorption and gel permeation liquid
chromatography (LC).

c. SUMMARY OF IMPLICATIONS “

The developments reported herein contribute to an understanding of
analytical methodology for hydrocarbons and other petroleum-related compounds
in marine environmental samples.

II. INTRODUCTION

A. GENERAL NATURE AND SCOPE OF STUDY

A quality-assurance program for chemical analyses of petroleum components
among BLM/OCS environmental studies is an objective of the BLM/OCS and OCSEAP
programs. To this end, OCSEAP prepared an Interim Reference Material (IRM)
from a harbor sediment known to be contaminated with aliphatic and aromatic
hydrocarbons. To characterize this IRM sediment and establish suitable cri-
teria of homogeneity, we analyzed more than 30 100-g portions, using both
traditional and new extraction procedures for hydrocarbons.

Most hydrocarbon extractions from.sediment depend on solvent reflux which
poses difficulties for routine processing of large numbers ‘of samples. As an
alternative, we devised an ambient-temperature, solvent extraction using a
ball-mill tumbler. We compared our new procedure with three boiling-solvent
extraction procedures. Aliphatic and aromatic hydrocarbons from the IRM
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sediment were quantitated by glass capillary GC analysis. After the sediment
was dewatered with methanol, the tumbler extraction with 2:1 dichloromethane:
methanol gave hydrocarbon yields comparable to the boiling-solvent extractions.
A large number of samples can be routinely processed by this new method.

Once the IRM sediment met satisfactory homogeneity criteria by these
analyses, we distributed six 100-g portions to each of 14 BLM/OCS  PI’s (see
Appendix I) for interlaboratory analyses. When the PI’s have completed the
reports of their analyses, we will collate the analytical data and place them
in a statistical context for the OCSEAP/BLM program.

B. SPECIFIC OBJECTIVES

1. Evaluation of existing methods and development of new methods to
analyze hydrocarbons and petroleum-related polar compounds in environmental
samples. Recommendation of procedural modifications and improvements to
OCSEAP/BLM.

2. Distribution of interim intercalibration  reference materials to PI’s
for heavy hydrocarbon analysis.

3. Tabulation of analytical results of reference material reported by
collaborating laboratories for OCSEAP/BLM.

4. Submission to OCSEAP/BLM of data on the chemical composition of two
typical Alaskan crude oils, one from Prudhoe Bay and the other from Cook Inlet.

c. RELEVANCE TO PROBLEMS OF PETROLEUM DEVELOPMENT

OCSEAP and BLM have regarded analyses of environmental samples for hydro-
carbons as essential to their environmental studies pertaining to petroleum
development on the outer continental shelf (OCS). Effective measurement of
hydrocarbons in marine sediments requires standardized extraction procedures
that are efficient and reproducible. Hence, our studies comparing existing
state–of-art methodology with new methodology provides valuable information
on this technology. Once the major procedures were interrelated statistically,
using the IRM as test sample, the way was paved for interlaboratory calibra-
tion efforts. If most of these laboratories report back analytical data on
most of these hydrocarbons, along with typical blank analyses, it should be
possible to make useful statistical statements about the quality assurance of
OCS hydrocarbon analyses.

Petroleum also contains many organic compounds more polar than hydro-
carbons. Analytical methodology to extract and analyze toxic polar organics
at trace levels remains largely unexplored with respect to samples from the
marine environment. Hence, establishment of efficient, statistically-proven,
ultra-sensitive analytical procedures for these compounds is important to the
OCS program.

III. CURRENT STATE OF KNOWLEDGE

Concern over oil pollution has led to considerable interest in measuring
amounts of hydrocarbons in the marine environment (Clark and Brown 1977).
A number of researchers have developed specialized procedures for analyzing
hydrocarbons in marine sediments (Rohrback and Reed 1975; Hilpert et al. 1978;
Barrington and Tripp 1975; MacLeod et al.1977a,b;  Warner 1976; Carpenter and
Bates 1977; Clark and Finley 1973; Chesler et al. 1976; Quinn 1978;
and Shaw 1977). Because the various
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procedures have not been adequately assessed (Rohrback and Reed 1975; Hilpert
et al. 1978), interpretations of analytical data from these analyses have been
difficult, especially for individual aliphatic  and aromatic hydrocarbons. To
help overcome such deficiencies, it is desirable to compare important analyt–
ical methods for hydrocarbons in marine sediment using a representative set of
individual hydrocarbons. Clearly, the extraction techniques compared should
be reproducible, accurate, and efficient within meaningful limits. In addi-
tion, these techniques need to be safe and convenient for processing large
numbers of samples.

Soxhlet extraction with benzene and methanol (Rolirback and Reed 1975;
I?arrington  and Tripp 1975; Carpenter and Bates 1977; Clark gnd Finley 1973;
and Shaw 1977) is generally considered the most efficient tqchnique for hydro-
carbon recovery. However, it may not be convenient for processing large
numbers of samples (MacLeod et al.1977a,b). Recently, alternative techniques
have been reported that may be as efficient as Soxhlet extraction. For exam-
ple, Barrington and Tripp (1975) showed that sediment refluxed for three hours
with benzene and methanol yielded about the same gross weight of hydrocarbons
as did the Soxhlet extraction technique. Similarly, Roh.rback and Reed (1975)
reported that by shaking sediment with various solvents, they extracted almost
the same weight of hydrocarbons as they did by Soxhlet extraction with the
same solvents. However, MacLeod et al. (1977a) found that shaking often pro-
duced stable emulsions. To avoid emulsions, Warner (1976) suggested extract-
ing sediments with diethyl ether/water, using a ball-mill tumbler. This
approach reduced emulsion formation and was convenient for mass sample pro-
cessing (MacLeod et al. 1977a$b), but Carpenter and Bates (1977) found that this
technique generally extracted only about one-third the amount of hydrocarbons
extracted by the conventional Soxhlet technique.

During the course of our evaluat on of existing methodology for analyzing
hydrocarbons from marine sediments, Brown et al. (1979a,b) developed a new
hydrocarbon extraction procedure that uses methanol and dichloromethane  with a
ball-mill tumbler. The extraction efficiency is generally comparable to
traditional boiling-solvent methods.

IV. STUDY AREA

Nonspecific.

v. SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

Set forth in Appendix II (excerpts of Brown et al.1979b) and in
Appendix III (excerpt of MacLeod et

VI.

Details of a new procedure for
ments are described in the excerpts

al. 1977a).

RESULTS

extracting hydrocarbons from marine sedi-
(Appendix 11) of Brown et al. (1979b)

accepted by the American Chemical Society. Appendix II also contains the
results of our intralaboratory comparison of our ambient-temperature procedure
with three boiling-solvent procedures. Two of the boiling-solvent procedures
are analogous to those recommended by ELM in its, OCS environmental research
contracts.
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The comparison of interlaboratory analyses by collaborating OCS PI’s is
necessarily incomplete because only five of fourteen PIIS have reported their
analyses of the IRll sediment (see Appendix I).

Our laboratory has performed several analyses of samples of Prudhoe Bay
crude oil. Although the results varied somewhat from sample to sample, the
results listed in Table 1 are typical.

TABLE 1. Organic composition of Prudhoe Bay crude oil used in research

Saturated compounds Wt Z

n-paraffins 4.0
Pristane 0018
Phy tane 0.14
Unresolved components 44.6

48.9

a
n-Paraffin distribution

Wt %–

:-:10
0.03

n+;
0.08
0.15

‘-C13
0.21

:-;14
0.27

15
0.30

:-:16
0.28

.7 0.28

;: $;
19

;-;20
21

‘-C22
‘-C23
‘ - C2 4
‘-C25
‘-C26
‘-C27
‘-C28
‘-C29

0.25
0,25
0.23
0.23
0.22
0.20
0,18
0.16
0.13
0.11
0.08
0.04
4.0

Major oil fracrionsb

Naphtha (to 210°C)
Saturates
Aromatics
Polars
Insoluble

Aromatic Compoundsa

Benzenes
Indans/Tetralins
Naphthalenes
Biphenyls/Acenaphthenes
Fluorenes
Phenanthrenes/Anthracenes
Pyrenes/Fluoranthenes
Chrysenes/Benzanthracenes
Benzpyrenes/Perylenes
Benzothiophenes
Dibenzothiophenes
Unresolved components

Wt %

18.6C
48.9
19.4
13.8
1.4

102.1

Wt %

0.24
0.04
1.11
0.25
0.29
0.34
0.05
0.01
0.00
0.00
0.59
16.49
19.4

aDetermined by capillary gas chromatography.
~Dete~ined  gravimetrically.
eNaphtha fraction includes low-boiling saturates and aromatics,
which are not determined by gas chromatography.
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The proportion ofisoparaffins  and cycloparaffins  were calculated from the
difference between the amount of n–paraffins in the total saturates fraction
and the total proportion of saturates in the oil. The analysis of aromatic
hydrocarbons revealed naphthalenes  as the major components with decreasing
proportions of phenanthrenes and anthracenes, dibenzothiophenes, benzenes,
fluorenes, and biphenyls and acenaphthenes.

VIII. DISCUSSION

A. BALL-MILL TUMBLER EXTRACTION

To avoid unnecessary cost, inconvenience, and hazards in extracting large
numbers of sediment samples with boiling. solvents (MacLeod et al. 1977a) , we
investigated alternative procedures. Ideally, a suitable procedure should
extract efficiently and reproducibly, and be simple, safe, and convenient.
In particular, we needed a method that (a) used minimal benchtop or hood space,
(b) could function at ambient temperature, (c) avoided freeze-drying, and
(d) avoided benzene, a suspected carcinogen. After more than a year’s exper-
ience with solvent-slurry extractions of sediments using a ball-mill tumbler
(MacLeod et al.1977a,b)jwe devised a procedure using methanol and dichloro-
methane that largely met these criteria (Brown et al. 1979a,b) .

In developing this tumbling extraction procedure, a number of solvent
systems were investigated. Comparison of these tumbler solvent systems showed
that if methanol was one of the solvents, hydrocarbon extraction efficiencies
were 2-3 times better than without it, irrespective of the less polar co-sol–
vent used. Dichloromethane was chosen as the co-solvent over diethyl ether or
benzene because it is safer.

To optimize our tumbler method, we tested various ratios of dichloro-
methane to methanol at various solvent to IRM sediment ratios. When dichloro-
methane:methanol ratios were between 2:1 and 1:2, extraction efficiencies
approximated those achieved by benzene/methanol Soxhlet extraction. Since a
higher ratio of dichloromethane  to methanol simplifies subsequent extract
workup, a 2:1 ratio was chosen. Further study showed that when less than
100 mL of 2:1 dichloromethane:methanol were used to extract a 100-g sample of
IRM sediment, extraction efficiencies decreased.

Samples that had a substantial aqueous phase floating on the dichloro-
methane/methanol during extraction also gave lower hydrocarbon yields. To
minimize this effect, sediments were dewatered by swirling briefly with
methanol twice before extracting with 2:1 dichloromethane:methanol. It is
important that the methanol from the dewatering steps be combined with the
subsequent dichloromethane/methanol  extracts before further contact with
water to avoid erratic hydrocarbon recoveries.

B. COMPARISON OF EXTRACTION METHODS

Preliminary analytical results (Brown et al. 1979a) indicated that our
ambient–temperature tumbler sediment extraction was about as efficient for
hydrocarbon recoveries as Soxhlet extraction. To test the tumbler extraction
performance more completely, we have compared it with (a) an alkaline methanol
reflux extraction (Quinn 1978) , (b) a 1:1 benzene:methanol Soxhlet extraction
(Clark and Finley 1973), and (c) a 2:1 dichloromethane:methanol  (azeotrope
7.6:1) Soxhlet extraction (Brown et al. 1979b), using replicate analyses of
the IRM sediment.
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Within the experimental uncertainties (lo), the tumbler method compared
favorably with the Soxhlet extractions in the C13-C26 alkanes;  the Soxhlet
extractions were generally more efficient in the C27-C31 range. Soxhlet
extraction with dichloromethane/methanol  gave the least reproducible results.
Usually, direct reflux extraction was least efficient, but most reproducible
for both alkanes and aromatics. Recoveries for the higher polynuclear  aroma-
tics were generally greatest by benzene/methanol Soxhlet  extraction. Again,
dichloromethane/methanol Soxhlet extraction gave the least reproducible
results.

c. POLAR COMPOUNDS

Efforts were direc~ed toward developing efficient and reproducible trace
analyses of polar petroleum-related organic compounds from marine environ-
mental samples. We have investigated the following techniques for isolation
and for analysis of oxygenated compounds:

● Silica–gel adsorption LC to separate oxygenated compounds from
hydrocarbons ;

● Gel-permeation LC using Sephadex LH-20 and Biobeads SX to separate
weak acids (phenolics and fatty acids) from lipid;

● Reversed-phase HPLC to separate polar metabolizes from parent
aromatic hydrocarbons; polar compounds detected by UV absorbance,
or fluorescence, or both.

“ Chemical ionization mass spectrometry  to identify labile, non-
volatile metabolizes such as the glucoside of naphthol.

Progress on these techniques has been promising to date, and we will
continue to study their proper deployment.

D. ANALYSIS OF ALASKAN CRUDE OILS

Preliminary data on Prudhoe Bay crude oil composition is presented in
Table 1. We have performed other analyses on other samples of Prudhoe Bay
crude oil that indicate these results may be considered typical, considering
all the variables that affect the composition. For example, a crude oil
may differ in composition within the barrel. Also, its composition can
change after the barrel has been opened, or during the lifetime of its use
from a given barrel. Finally, there is the change in composition of crude
oil throughout a given oil field or even from a given well over a period of
time. Under these constraints, the other analyses of Prudhoe Bay crude oil
generally agree well (within t 50%) with the analysis given in Table 1. As
our analytical techniques become more sensitive and reliable we will re-
examine Prudhoe Bay crude oil composition, extending the number of compounds
analyzed, where possible. Upper Cook Inlet crude oil will be analyzed
similarly.

VIII. CONCLUSIONS

A. Our ball-mill tumbler procedure generally can extract hydrocarbons from
a marine sediment as efficiently as boiling-solvent methods.

B. Dewatering with methanol prior to extraction obviated the need for
freeze-drying.
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C. Soxhlet extraction with dichloromethane/methanol gave greatest, but least
reproducible, yieldsof hydrocarbons,

D. Direct reflux extraction with KOH/methanol  gave lowest, but most reproduc-
ible, yields of hydrocarbons.

E. Preliminary evidence suggests that among the OCS PI’s, the most accurate
and reproducible analytical results were obtained on the highest resolu-
tioil GC columns, i.e. , glass capillaries. Next were those using the
support-coated, open–tubular (SCOT) GC columns. Least accurate and
reproducible results appear from packed GC columns.

F. A combination of chromatographic and spectroscopic methods’ is necessary
to separate and analyze polar organic compounds related to petroleum from
marine environmental samples. Sequential use of adsorption and gel-
permeation LC is useful in preparing extracts from marine environmental
samples for analysis by GC/MS or HPLC/MS.

G. Conjugated metabolizes of aromatic hydrocarbons can be identified using
chemical ionization mass spectroscopy with a direct probe.

IX. SUMMARY OF THE 4TH QUARTER

A. ACTIVITIES

Last year, six 100-g portions of the IRM sediment were sent to each of
fourteen OCS PITS. During this quarter Dr. James Payne, S.A.I., Inc., and
Prof. I.R. Kaplan, UCLA, reported results of their analyses of this sediment.
In total, only five of the PI’s have reported results (see Appendix I).

Efforts continued on the development of methods for the analyses of
petroleum-related polar compounds. In a seminar at the Center on February 21,
Dr. Mar&aret  M. Krahn of our staff delineated current capabilities for HPLC
analysis of phenols, naphthols, and other aromatic hydrocarbon metabolizes.
In summary she-has found:

“ A newly developed reversed-phase HPLC column significantly improves
HPLC analyses of phenolics and other aromatic hydrocarbon metabolizes.

● Special arrangements are needed to measure ultraviolet fluorescence
(UVP) of phenols. Most HPLC UVF detectors do not operate at the neces-
sary emission wavelengths (<300 rim).

“ A “square” detector cell in combination with a UVF spectrometer gave
subnanogram  sensitivities for phenols upon HPLC analysis.

● Small amounts of acetic acid (e.g., 2%) in the aqueous solvent cf HPLC
greatly improved retention time reproducibility of conjugated metabo-
lizes of naphthalene:viz, the glucuronide  and the sulfate.

Don Brown was successful in obtaining chemical-ionization mass spectra
of naphthyl glucuronide  and naphthyl  glucoside  without prior derivatization.
Thus the presence of these compounds can be verified in HPLC fractions sus-
pected of containing the conjugated metabolizes.

B. PROBLEMS ENCOUNTERED

Delays in reporting IRM analytical results by the OCS PI’s have neces-
sarily held up progress in our collating and evaluating the interlaboratory
calibration. We recommend that only one more calendar quarter be allowed
for final submission of results by the OCS PI’s.

c. ESTIMATE OF FUNDS EXPENDED: 15K (out of 50K)
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. -  Actual.Completion  Date
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Quarterly Reports o 0 0 0
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&
&
u
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Intercalibration  results o 0
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APPENI)IX  I

ORIGINAL LIST OF RECIPIENTS OF DUWAMISH RIVER SEDIMENTS

Dr. Ronald M. Atlas (502)588 6773
Department of Biology
Univ. of Louisville
Louisville, KY 40208

C. A. Bedinger (713)522 0726
Southwest Research Institute
3600 Yoakum Blvd.
Houston, TX 77006

‘*Dr. Paul Boehm (617)661 3111
ERCO
185 Alewife Brook Pkwy
Cambridge, MA 02138

Dr. Joel Cline (206)442 5436
NOAA/PMEL FTS 399 5436
7600 Sand Point Way N.E.
Seattle, WA 98115

*Dr. I.R. Kaplan (213)825 1805
Inst. of Geophysics & Planetary Physics
Univ. of California Los Angeles
Los Angeles, CA 90024

Dr. John Laseter (504)283 0600
Center for Bio–organic Studies
Univ. of New Orleans
New Orleans, LA 70122

*Dr. Judy Lytle (601)875 2244
Gulf Coast Research Lab.
Ocean Springs, MS 39564

Dr. Steve Martin (713)492 2510
Geochem Labs
16920 Park Row
Houston, TX 77084

Dr. Patrick L. Parker (512)749 6711
Marine Science Laboratory
Univ. of Texas
Port Aransas, TX 78373

*Dr. James Payne (714)459 0211
Science Applications, Inc.
1200 Prospect St.
La Jolla, CA 92038

‘~Dr. David Shaw (907)479 7723
Institute of Marine Science
Univ. of Alaska
Fairbanks, AK 99701

Marshall Stewart
Environmental Service Div.

Mail Code L 453
Lawrence Livermore Lab
Livermore, CA 94550

Dr. John S. Warner (614)424 5643
Battelle Columbus Laboratories
505 King Avenue
Columbus, OH 43201

Dr. Robert G. Riley
Battelle  Northwest Lab
Environmental Chemistry LS-L2, Rm 310
Battelle Blvd.
Richland,  WA 99352

;:
Have reported results
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(APPENDIX I - continued)
ADDITIONAL RECIPIENTS OF DUWAMISH RIVER SEDIMENTS

Professor James G. Quinn (401)792-6219
Graduate School of Oceanography
University of Rhode Island
Kingston, RI 02881

Dr. John W. Barrington FTS: 548-1400
Department of Chemistry
Woods Hole Oceanographic Institute
Woods Hole, MA 02543

Dr. David Page (207)725-8731
Dr. Dana W. Mayo
Department of Chemistry
Bowdoin College
Brunswick, ME 04011

Dr. Harry S. Hertz 921-3778
National Bureau of Standards
Mail Stop 552
Washington, DC 20234

Dr. James Lake FTS: 838-4843
Environmental protection Agency, Em
South Ferry Road
Narragansett, RI 02882

Dr. Rudolph H. Bieri FTS: 925-2011 (804)642-2111
Virginia Institute of Marine Science
Gloucester Point, VA 23062
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Excerpts from Brown et al. (1979b)

MATERIALS AND METHODS

Materials, reagents, apparatus, and their cleanlng procedures have been

published previously (~,~).. All solvent ratios were on a vol:vol basis.

Sediment dry weights were determined on 10-20 g samples (6_).

Methanol. Purification

To check methanol purity, 200 ML were ‘diluted with an equal volume of

contaminant-free dichloromethane and extracted tw%ce with 200 ml portions of

distilled water. After the resulting dichloro~ethane phase was concentrated

to 1 ML, it was analyzed for contaminants by glass capillary GC. When

contaminants exceeded 0.1 ng/uL in the dichloromethane  concentrate (i.e., 0.5

ug/L methanol), 1500 mL of the methanol was purified by diluting it with 500

ML of water and extracting it witl? 2 x 50 mL’of contaminant-free hexane. Then

the aqueous methanol was redistilled at 65-67°C through an efficient

fractionation column and checked by GC analysis (see fig. 3).

Sediment Extraction Procedures

Ball-Mill Tumbler Extraction. Figure 1 shows the extraction scheme. A

100 g sample of wet sediment was weighed into a 1-L bottle, and 50 mL of CH30H

were added. Aliquots of recovery standards (~-decylcyclohexane and 1,3,5-

triisopropylbenzene)  were added to each sample, except for the reagent blank.

An aliquot containing the compounds to be quantitated  was added to a second
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Figure 1. TWET SEDIMENT
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-
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-L=
G l a s s  C a p i l l a r y  G a s  Chroma~ography

I *
: 9#
: #

GC/tlS  C o n f i r m a t i o n s
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blank to estimate

samples and CH30H

typical losses due to handling. The bottles containing the

were gently swirled by hand to dewater the sediment. The

CH30H was decanted into a 600-mL beaker , and the ~.ethanol-dewatering  step was

repeated with another 50 mL of CH30H. Then 100 mT. of 2:1 C132C12:CH3014 was

added to the sediment, and the bottles were sealed with all-Teflon screwcaps

and rolled on a

The extract was

extracts. Then

(dispensed from

into the 600-mL

repeated twice,

ball-mill  tumbler for 16 hr (overnight) at ca. 75 rev/rein.—

decanted into the 600 mL beaker containing the methanolic

the sample and bottle were washed with ~ 5 mL CH2C12

a clean Teflon wash bottle) , and the washings were decanted

beaker. The CH2C121/CH30H sediment extraction step was

first for 6 hr, then for 16 hr.

All extracts were combined and filtered through a 65-mm id., coarse

fritted-glass  filter-funnel into z 1-L separator funnel. The beaker and

filter were washed twice

gently swirled for 2 min

the CH2C12 phase. After

with 25-50 mL of CH2C12. The total filtrate Was ,

with 500 mL of distilled water to remove CH30FI from

the phases separated, the CH2C12 (lower) phase was

drained into a 500-ml Erlenmeyer  flask. The aqueous (upper) phase was then

back-extracted with 20 ml of CH2C12, and the CH2C12 phases”were combined. The

aqueous phase was discarded. The aqueous wash/CH2C12 back-extraction steps

were repeated on the combined CH2C12 extracts prior to cleanup (below).

Direct Reflux Extraction. Wet sediments (50 g) were refluxed  in 250 mL

of 0.5 N KOH in CH30H and 35 ut, of distilled water for 2 hr (~). After ~

cooling, the mixture was poured through a 65-mm id., coarse fritted-glass

filter-funnel into a 1-L separator funnel. The extraction flask and the

filter were rinsed with 20 M of CH30H and 3 x 35 PL of CH2C12. Distilled

water (150 mL) was added to the extract and the mixture was shaken. After the

phases separated, the CH2C12 layer was drained into a 500-mL Frlenmeyer  flask,

,-.
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and the aqueous phase was back-extracted with 50 mL of CH2C12.  The combined

C112C12 extracts then passed to the cleanup step (below).

Soxhlet Extraction with Benzene/Methanol. The procedure of Clark and

Finley (10) was employed, using two 24 hr extractions of a 100-g sample of wet—

sediment, each with 250 mL of 1:1 C6H6:CHSOH. The combined extracts were washed

with water, dried over Na2S04, and evaporated just to dryness with a rotary

evaporator. The residue was dissolved in CH2C12 for extract cleanup (below).

Soxhlet Extraction with Dichloromethane/methanol.  Wet sediments (100 g)

were extracted by a similar Soxhlet procedure using 2:1 CH30’H:CH2C12  (~). The

extracts were combined, washed and concentrated as done in the tumbler proce–

dure prior to cleanup.

Extract Cleanup

The sediment extract in CH2C12 was filtered through a 19-mm id. chroma-

tography column containing 20 niL of activated silica gel previously prepared

in CH2C12 and covered with a l-cm layer of sand (~). Then the column was

eluted with one bed volume of CH2C12. The combined eluates were collected in

a 500-mL Erlenmeyer flask equipped with a 24/40 outer joint. Residual CH30H,

H20, particulate , and gel-forming polar materials (which could plug the

silica gel chromatography column used later) were removed by this step. A

Snyder distillation column equipped with a 24/40 inner joint was attached to

the flask, and the assembly was placed in a heated (ea. 60°C) water bath. The—

CH2C12 extract and eluate were concentrated to=. 15 I& and transferred to a

25-mL Kontes concentrator tube. After a Teflon boiling chip was added, and a

Kontes micro-Snyder column (modified with indentations) was attached, the

extract was further concentrated on a modified Kontes tube heater to ca. 1 mL-—

After adding 2 mL of hexane, the extract was reconcentrated to ca. 1 mL for—

fractionation into hydrocarbon classes.

495



.—

-17-

Fractionation into Hydrocarbon Classes

All extracts were chrornatographed on Davison grade 923 silica gel, as

reported. earlier (6,7). Two fractions, containing ”saturated  and unsaturated——

hydrocarbons respectively, were collected in separate 25-mL Kontes concentrator

tubes. These fractions were concentrated to 1 mL on a modified Kontes tube

heater. After adding 2 mL of hexane , the extract was reconcentrated to 1 mL -

and transferred to gas chromatography (GC) sample vials. After adding 4 ug”of

hexamethylbenzene (GC internal standard) in hexane, the vials were sealed for

GC analysis.

Gas Chromatographic Analysis.

The vial contents were automatically sampled and analyzed by GC (6,7)——

using high–resolution glass capillary columns (see App.. 3 for

and operating conditions). Major alkanes ranging from decane

through hentriacontane (~-C31H64), plus pristane and phytane,

column parameters

@l@22)

were quantitated

in the saturated hydrocarbon fraction. The arenes listed in Table 2 were

quantitated in the unsaturated hydrocarbon fraction.

RESULTS AND DISCUSSION

Comparison of Extraction Methods

Preliminary analytical results (12) indcated that our ambient-temperature—

tumbler sediment extraction was about as efficient for hydrocarbon recoveries

as Soxhlet extraction. To test the tumbler extraction performance more com-

pletely, we have compared it with (a) an alkaline methanol reflux extraction

(~), (b) a 1:1 benzene:methanol Soxhlet extraction (~), and (c) a 2:1 di-

chloromethane:methanol  (azeotrope 7.6:1) Soxhlet extraction (~), using repli-

cate analyses of the homogenized harbor sediment.

Tables 1 and 2 list individual aliphatic  and aromatic “hydrocarbon yields

and relative standard deviations (RSD’S) for the four methods. Within the
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Table 1. Concentrations of Aliphatic Hydrocarbons (rig/g dry w~) found in Homogenized
Duwamish  River Sediment by Four Extraction Methods; % = Mean, n = Number of
Analyses, RSD = Relative Standard Deviation of the Mean (100 SD/~).

n-tikane

C13
C14
C15
:16
’17
Pristane*

C8P*ytane*

:19
’20
C 21
C22
C23
CZ4
C25
:26

27
C28
C29
C30
C31

212C12/CH  OH TUMBLE
~ (n=14 ? RSD

6 nglg
11
18
23
36

51
44
39
54
40
28
29
39
36
52
43
51
54
72
98
96

23%
25
19
26
16
18
15
16
15
14
24
14
15
15
15
23
32
33
30
35
55

CH30H/KOH REFLUX “
R (n=5) RSD

4 rig/g 17%
8 16

15 12
20 10
29 7
40 8
28 9
33 7
31 5
30 9
35 12
22 8
27 7
31 5
37 9
34 11
59 15
45 u
42 11
36 15
36 10

S OXHLET
Benzene/CH30H
z (n=5) RSD

6 ngfg 14%
11 15
18 16
23
29
40
39
33
41
38
39
30
34
35
44
47

16
24
42
17
29
33
20
15
15
12
13
8

15
62 23

110 15
100 17

98 20
144 23

TRACTION
CH2C12/@130H
X (n=4) RSD

5 rig/g 32%
9 29

15 29
20 24
29 15
37 15
33 22
32 15
32 7
28 4
36 4
30
40 2:
46 20
74 51
69 48

150 63
170 57
160 46
180 120
130 87

* A branched alkane



Table 2, Concentrations of Aromatic Hydrocarbons (rig/g dry wt) found in Homogenized Duwamish River
Sediment by Four Extraction Methods; ~ = Mean, n = Number of Analyses, RSD = Relative
Standard Deviation of the Mean (100 SD/Z),

Aromatic Hydrocarbon CH2C12/CH30H TUMBLE

; (n=ll) RSD

2-Methylnaphthalene
l-Methylnaphthalene
Bip’nenyl
2,6-Dimethylnaphthalene
2,3,5-Trimethylnaphthalene
Fluorene
Dibenzothiophene*
Phenanthrene
Anthracene
l-Methylphenanthrene
Fluoranthene
Pyrene
Benz[a]anthracene
Chrysene
Benzo[e]pyrene
Benzo[a]pyrene
Perylene

10 ngfg
6
2
8
6

30
28

320
57
22

570
760
440
270
159
170
36

33%
33
39
26
58
28
32
28
26
24
23
21
23
20
26
33
36

I
* A sulfur-substituted aromatic hydrocarbon

7 25%
4 16
1 28
5 21

<1 --
14 8
20 “2

180 2
34 7
16 8

320 3
280 5
170 3
20.0 5
150 5
180 4
56 5

14 rig/g 28%
8 25
9 24
9 27
7 29

50 50
50 57

610 44
120 50
56 38

840 40
1100 38
870 71
530 48
230 31
410 45
97 22

TRACTION

CH2C12/CH30H
z (n=4) RSD

11
7
2
6
4

35
51

370
65
33

560
550
620
370
310
300
160

59%
67
95

118
76
51
63
47
49
48
41
46
31
30
38
43
66
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experimental uncertainties (i.e., the MD’s), the tumbler method compared

favorably with the Soxhlet extractions in the C13-C2G alkanes  (Table l)> ‘bile

the Soxhlet extractions were generally more effici@nt in the C27-C31 raWW.

Soxhlet extraction with dichloromethane/methanol was least reproducible (e.g.,

7 of 21 RSD’S >33%). Usually, direct reflux extraction was least efficient,

but most reproducible for both alkanes and aromatics. Recoveries for the Poly-

nuclear aromatics below fluorene in Table 2 were generally highest by benzene/

methanol Soxhlet extraction. Again dichloromethane/methanol  Soxhlet extraction

was least reproducible (highest RSD’S).

Variability of Aromatic Hydrocarbons

Figure 2 shows that the unsubstituted aromatics are generally more

abundant than their alkyl–substituted  homologs. Recent research of LaFlamme

and Hites (16) and Youngblood and Blumer (17) indicate that this pattern is— —

characteristic of combustion by-products as opposed to spilled fossil fuels.

If these aromatics had such an origin and were deposited with various types of

airborne particulate, they could give uneven results for this sediment, even

though it was homogenized in a mixer for 3 hours. This is consistent with the

greater variability observed for the aromatic data compared to the alkane data

(e.g., 28 out of 68 RSD’S ~33% in Table 2 vs. 10 out of 84 RSD’S ~33% in—

Table 1).

In the extreme, the overall recoveries of aromatics in 5 of 28 analyses

exceeded the overall mean of their respective subsets (n>5) by factors of 3,—

3, 3, 5, and 10, while the corresponding alkane recoveries did not. These

exceptional step increases in only the aromatics may be due to the presence of

one or more aromatic-rich particles (e.g., soot). This possibility is not

excluded since the sediment came from an active harbor in an urban industrial

area. Dixon’s statistical method of outlier analysis (18) was used to exclude—

such extreme results from Tables 1 and 2.
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Impurities in Methanol

We found that methanol was an important co-solvent for extracting hydro-

carbons efficiently from the wet sediment. Even the purest of more than ten

top grades of commercial methanol had impurities that interfered with hydro-

carbon analyses (fig. 3A). Attempts to purify such methanol by fractional

redistillation removed only contaminants boiling higher than ~-C12H26 (fig. 3B).

To reduce contaminants less volatile than yC8H18 to acceptable levels (<0.5

ug/L), methanol was diluted with water , extracted with hexane and redistilled

(fig. 3C).

,... . .-,
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APPENDIX III

Excerpt from MacLeod et al. (1977a)

ANALYTICAL PROCEDURES

Materials*

Materials contacting the sample were confined to glass, Teflon, metal or
residue-free solvents and reagents. This includes the liners of caps and
lids. All glassware was washed in hot laboratory detergent, dried, and
rinsed in sequence with reagent grade acetone and methylene chloride sol–
vents dispensed from previously cleaned Teflon wash bottles. Teflon and
metal foil sheeting and metal implements were also rinsed sequentially with
acetone and methylene chloride before use. Highest purity reagents such as
hydrochloric acid, anhydrous sodium sulfate, coarse sand, sodium hydroxide,
silica gel, and glass wool were extracted with methylene chloride before use.
Solvents employed in this study were the highest purity obtainable from
Burdick and Jackson Laboratories, Inc., or Mallinckrodt  Chemical Works.
They were employed without further purification because they gave no meas-
urable residues in procedural blank analyses. Other items are listed as
follows:

Teflon wash bottles, 500 ml
Laboratory scalpels
Homogenizer - Tekmar Tissumizer No.
Test tube racks - A. H. Thomas Co.,
Centrifuge tubes, 40 ml, with screw
Cat. No. 8122

Teflon cap liners - A. H. Thomas Co.

SDT-182EN or Virtis Model 23
Cat, No. 9266-N32
caps - Corning Glass Works,

, Cat. No. 2390H
Centrifuge - International Equipment Company, Model C5
Glass bottles, 1 oz. with screw caps and Teflon liners
Concentrator tubes, 25 ml - Kontes Glass Co., No. K570050,

size 2525
Reflux columns - Kontes Glass Co., Cat. No. K569251
Ebullators (boiling tubes) – Kontes Glass Co., Cat. No. K569351,

or VWR 1 mm glass tubes, VWR Cat. No. 32829-020 (cut to ca.
2.5 cm length and flame sealed at one end in laboratory)—

Tube heater, 6–tube - Kontes Glass Co., Cat. No. K720003
Tube heater control unit - Kontes Glass Co., Cat. No. 720001
Adsorption chromatography columns - Kontes Glass Co., Cat.

No. 42028
Glass (Pyrex) wool - Corning Glass Works, No. 3950
Silica gel, 1OO-2OO mesh - MCB Cat. No. SX0144-06
Copper, fine granular - Mallinckrodt,  Cat. No. 4649

Sand, coarse, reagent grade
CC sample vials - Hewlett-Packard, Cat. No. 5080-8712

* Reference to a company
Department of Commerce

or product does not imply endorsement by the U. S.
to the exclusion of others that may be suitable.
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GC Teflon lined vial caps - Hewlett-Packard Cat. No. 5080-8703
Vial capper - Hewlett-Packaid  Cat. No. 871-0979
Dish, aluminum, utility,” 57 mm diameter
Ether peroxide test paper - EM Laboratories, Inc., Cat. No. 1OO!51-9G
Sediment extraction glass bottle, 1 liter - Scientific Products
Cat. No. B 7573-IL

Ball mill tumbler - Model 8-RA, Scott-Murray, 8511 Roosevelt Way NE,
Seattle WA 98115

Automatic gas chromatography - Hewlett-Packard Model 5840, dual FID
Automatic GC sampler - Hewlett-Packard Model 7671A
GC columns, 30 m L x 0.25 mm ID, wall coated, glass

capillary (SE-30) - J & W Scientific, P. O. Box 216,
Orangevale CA 95662

Gas Chromatograph/Mass Spectrometer and Data System, Dual EI/CI -
Finnegan, Model 3200

Dry Weight Determination

Sediment. Thaw sediment and remove pebbles by spatula or sieve. Thor-
oughly mix by spatula. Add 10-20 g of the sediment to a tared aluminum dish.
Weigh and record the weight of dish and sample. Cover the dish and sample
loosely with aluminum foil. Dry the sample in an oven at 120°C for 24 hr,
then remove and cool for 30 min in a dessicator. Reweigh and record dried
weight. Calculate percent dry weight as:

weight (final) - weight (tare) x loo
weight (initial) – weight (tare)

Tissue. Place ca. 3 g clean coarse sand and a glass spatula in an alu–
minum dish and dry o~rnight in a 120°C oven. Cool the dish in a dessicator
for 30 min. Weigh and record as tare weight.

Weigh into the dish, to the nearest mg, 0.5 g of sample. Using the spatula,
mix the sample thoroughly with the sand, taking care to avoid loss of sand
granules. Dry the sample in a 120”C oven for 24 hr, then remove andcool in
a dessicator for 30 min. Reweigh and record the dried weight. Calculate
percent dry weight as:

weight (final) - weight (tare) x loo
weight (initial) - weight (tare)
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Column Preparation. Prepare columns immediately prior to use. Fill a
column to the flare in the reservoir with methylene chlorici~. Push a 0.5 cm
glass-wool plug to the bottom of the column with a glass rod. Measure 15 ml
(7 g) of 1OO-2OO mesh silica gel (activated at 150°C for 24 hr, then cooled
in a dessicator) into a 25 ml graduated cylinder and transfer to a 250 ml
erlenmeyer  flask. Add 25 ml of methylene chloride and swirl vigorously to
make a slurry. Place a long-stem funnel into the column such that the tip
rests off-center on the bottom of the reservoir just below the surface of
the methylene  chloride.

Quickly pour the slurry into the funnel and wash the residual slurry into
the funnel with methylene chloride from a Teflon wash bottle. The adsorb-
ent particles should quickly settle to the bottom of the column with little
turbulence at the settling front. When the settling front extends upward
about 1 cm from the glass-wool plug, slowly open the stopcock to a flow of
1-2 drops per second. Collect the eluate in an erlenmeyer flask to minimize
solvent vapor escape. Swirl the column reservoir gently to wash the parti-
cles into the column. When the settling front reaches the top of the sus–
pended particles, open the stopcock all the way to complete the settling.
Add about a 1 cm layer of clean sand through a funnel to the top of the gel,
followed by an equzl amount of anhydrous sodium sulfate.

When the methlene chloride surface is just above the top of the COlUUUI,  add
a ml of petroleum ether with a Pasteur pipet and allow to drain. When the
liquid level again almost reaches the column top, add 40 ml of petroleum
ether and continue to elute. Close the stopcock when the solvent meniscus
almost reaches the top of the column. Discard the rinse elutes. Cover the
column with aluminum foil until use.

Sample Chromatography. The sample extract should be in 1-2 ml of hexane
in the concentrator tube. Crush the ebullator  with a glass rod and rinse
the rod with a small amount of petroleum ether. Carefully transfer the
extract solution with a Pasteur pipet to the top of the column and elute.
Never allow the liquid meniscus to go below the upper surface since air will
be entrapped, which will disrupt the column. Rinse the concentrator tube
with 0.5 ml of petroleum ether and add to the column. Open the stopcock and
collect the eluate in a clean 25 ml concentrator tube. When the meniscus
just reaches the column top, carefully add 15 ml of petroleum ether. Care
must be exerriised not to disturb the upper surface of the column during each
addition. When the meniscus again just reaches the sand, add 3 ml of 20%
(V/V) methylene chloride in petroleum ether. Elute solvent at 2-4 ml/min to
separate the saturated from the unsaturated hydrocarbons. When 18 ml has
eluted into the concentrator tube receiver, replace it with a second tube.
This 18 ml eluate, referred to as fraction 1, contains the saturated
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hydrocarbons. As the meniscus again just reaches the top,
(V/V) methylene chloride in petroleum. ether. This eluate,

add 25 ml of 40%
fraction 2, will

contain the unsaturated and aromatic hydrocarbons. A transparent extract,
when applied to the column, will elute in less than 30 minutes.

Sediment Desulfurization. Silica gel fractions of sediment extract are ‘
treated with activated, fine granular copper to remove elemental sulfur.
Prior to use, activate the copper with concentrated hydrochloric acid (HC1) .
Rinse the activated copper five times with acetone to remove the HC1 and
then five times with petroleum ether to remove the acetone. Activated cop-
per should be prepared fresh daily and stored under petroleum ether until
used. Activated copper should not be washed with water or heated. To remove
elemental sulfur from the sample, place the eluate (not more than 1 ml in
volume) in a 40 ml conical centrifuge tube and add about 0.5 ml of activated
copper. Stir for 2 minutes on a vortex mixer. Centrifuge to settle any
sulfide particles in the mixture. Transfer the sample with a Pasteur pipet
to a clean concentrator tube. Rinse the copper once with 1 ml of petroleum
ether and combine the rinse with the eluate sample. Reconcentrate the sample
to a 0.5 ml and continue to microgravimetry and GC analysis.

Microgravimetric  Determinations

The first and second silica gel fractions are weighed on a Cahn microbalance.
In an efficient hood, transfer 25 U1 from a known volume of eluate (or ex-
tract) onto the balance pan and allow the solvent to evaporate. Record the
weight and normalize the value to pg/g dry wei”ght of sample.

Gas Chromatography (GC)

GC Sample Preparation. Attach’the reflux column to the concentrator
tube containing the eluate from silica gel chromatography. Evaporate the
solvent in the heater block as previously described. After concentrating to
0.5 ml, remove from heat. Add 1.0 ml of internal standard solution (4 ng/pl
hexamethylbenzene in carbon disulfide) and concentrate to 0.5 ml. If neces-
sary, adjust final volume to 0.5 ml with carbon disulfide. Transfer the sam-
ples to the GC vials and crimp on the Teflon-lined septum caps. Replace the
cap each time it is pierced by a syringe to avoid evaporative losses.

GC Apparatus and Modifications. GC analysis is performed on a micropro-
cessor-controlled gas chromatography (Hewlett-Packard model 5840A) equipped
with: an automatic sample injector (model 7671A); a wall-coated, open tubular
(WCOT) glass capillary column (20-30 m length, 0.25 mm inside diameter); and
a hydrogen flame–ionization detector (FID).

The GC sample injection port is modified to split the:carrier gas as shown in
Figure I. Inlet carrier gas (helium) pressure is adjusted to provide 2 ml/
tin flow through the column at 60°C, as determined on a bubble flow-meter.
By. adjusting the needle valve to allow 20 ml/min bypass flow, a split ratio
of 10:1 is obtained. Although 90% of the injected sample is sacrificed, the
inlet system is rapidly purged of injected solvent and s,ample. This

‘\
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maintains sharp solvent and sample peaks. This inlet system (Fig. 1) fea-
tures low dead volume and a glass inlet liner that is readily removable for
cleaning. The inlet end of the glass capillary column must be positioned
inside the glass liner near the location of the inserted sampling needle tip
to gain best sample transfer to the column with the least GC peak broaden-
ing. A charcoal trap absorbs compounds from the vented split stream which
avoids contaminating the needle valve.

Because of the low, carrier gas flow through capillary GC columns, it is
necessary to add make-up gas at the FID (Fig. 1). The flame jet has been
flared to allow the GC column outlet end to be inserted about 2 cm into the
jet. This effectively eliminates any potential dead volume effects with the
make-up gas (3O ml/min) plus hydrogen (24 ml/min) rapidly sweeping eluted
compounds directly into the flame.

GC Sample Analysis. Analysis is carr:ed out according to conditions
listed in Table 1. GC samples in crimp-sealed, septum-capped vials are
loaded into the automatic sampler. Then the desired operating conditions
(Table 1) are programmed into the microprocessor memory. A sample volume of
2 P1 are injected per analysis with the column temperature held at 60°C.
After 10 rein, the column temperature is programmed at 2° or 4°C/min to 250”C
and held for 30 minutes. Depending on the program rate, the compounds of
interest are eluted in l% to 2% hours. Separated compounds are detected by
the FID as they emerge from the GC column. The gas chromatogram is con-
structed by the microprocessor, which prints compound retention times along-
side each peak.

Peak areas are automatically computed using “valley to valley” mode base-
line correction. Areas are printed in tabular form at the end of the GC run
according to retention times. The quantities of compounds represented by
the peak areas are also computed automatically by ratio of the individual
peak areas to the area of the known amount of internal standard peak. If
reference samples are available for compounds of interest, relative response
factors for these compounds with respect to the internal standard should be
determined experimentally under identical conditions.

Gas Chromatography/Mass Spectromet ry (GC/MS). The identity and relative
abundance of compounds detected and measured by GC are periodically confirmed
by GC/MS analysis. A capillary column similar to that used in GC analysis is
employed in conjunction with a Grob sample inlet system. Effluent from the
GC column is fed directly into ion source. Table 2 lists analysis conditions.
A sample of 1-2 pl is injected into the GC/MS while the ion source filament
and electron multiplier voltage are turned off. Passage of the solvent peak
from GC to MS is noted on the instrument high vacuum gage as a transient rise
and fall in pressure. After this, the source filament and multiplier voltage
are restored to normal settings and data acquisition by the computers is ini-
tiated for mass scans every 2 sec. The GC column is subjected to virtually
the same analytical parameters for the GC/MS confirmation run as in the GC
detection and measurement run. At the end of the run, the chromatogram  is
reconstructed (RGC) from the total ion current of each individual scan.
Specific ion chromatograms featuring ion abundances of ions characteristic of
a particular molecular configuration may also be produced. Primarily,
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Table A-1
.,

Gas Chromatography Conditions

,.-

. .

.:r.Column: 30m xO.25
coated

mm, .ID  wall-
g l a s s  c a p i l l a r y

[’ ~~Liquid phase:

Film thickness:

SE-30 GC
Column
type (dimethylsiloxane

poiymer)

4-5xlo-4mm

rCarrier gas:
Split ratio:
Column flow:
Bypass flow:

He
10:1 (bypass:column)
2 ml/min
20 ml/min

Gases

Inlet

,,,:

[

Makeup (N2)
Air
Hydrogen

30 ml/min
2 4 0  ml/min
2 4  ml/min

Detector

rInitial Temp: 60°c
10 mino
2 or 4 C/rein
250~C
250 C
300°c

I Program delay:
Temperatures Program rate:

Final temp:
Injector:
Detector:

L
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compounds shown to “be present in the GC/MS chromatogram  are identified by com-
paring their mass spectrum (background subtracted) with standard reference
tables of mass spectra or laboratory spectra of reference compounds.

Table A-2

GC/MS Analysis Parameters

Gc: Same as Table A-1, except no make-up gas

GC/MS interface temp.: 250°

MS:

Filament emission: 500 PA

Electron multiplier voltage: 1600 V

Electron energy: 70 eV

Data acquisition:

Mass range: 80-280 (aromatic samples)
50-300 (alkane  samples)

Integration time: 6 mseclscan

Scan time: 2 sec
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Archival of Voucher Specimens of Biological Materials
Collected Under OCSEAP Support

I. Summary of Objectives, Conclusions and Implications:

The baseline data collected for the fauna and flora in the OCSEAP study
area is based on extensive biological collections made by many separate
research units. OCSEAP has established the California Academy of Sciences as
a central repository for representative speciinen~  from these collections.
This will ensure that materials are permanently available for reference and
for confirmation and upgrading of identifications made by research units.
This project was initiated on 1 Hay 1978, and the contract awarded on 24 Ilay
1978.

During the first 2 months of the project the voucher policy was prepared.
In September 1978, the voucher specim~n policy was approved and distributed
by the Project Office to principal investigators of all research units.
Copies are on file in the Project Office.

This document specifies the voucher policy, its applications,
preservation procedures, labeling instructions, and information on shipnent of
specimens to the repository. Voucher specimen labels, prepared to Meet NOAA’s
data needs, were printed on special label paper and distributed to principal
investigators by November 1978.

The project processing and storage room was conpleted with non-BLN/NOAA
funds in December 1978, with the addition of work counters, a sink, and
$7,500 of metal shelving. Purchase of natcrials and supplies was completed
during the second quarter. An IBI1 System 6 unit for electronically processing
the data on voucher specimens was operational in the second quarter.

The first voucher speci~ens  were received during the January-ilarch
quarter.

II. Introduction

A. General Nature and Scope of Study:

As outlined above, a voucher specimen repository was established so that
extensive biological collections made by OCSEAP would be documented with
voucher samples. A rather specific voucher policy was needed such that the
quality and integrity of the biological data taken would be maximized. The
fauna (or parts of it) are poorly known for the area under study. Field
identifications need to be made by knowledgeable people, and by reference to
actual voucher or reference specimens that can be saved and forwarded to the
central repository. The essential point is that the voucher specimen be of the
same species as the other specimens analyzed and discarded, even if the state
of systematic knowledge permits only partial identification. If the field
identifications are faulty then the usefulness of the data is much reduced.
Upgrading identifications and changing scientific names as nomenclature
improves will, through the years, increase the usefulness of the data in the
NODC .
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The California Academy of Sciences has had extensive experience as a
repository of voucher specinens  from the scientific conmunity and from
Federal, State, and some private agencies. The Academy collections are
world-wide in composition, with especially strong representation of the flora
and fauna of western North America, including Alaska. The Academy was
selected as the voucher specimen repository and charged with the specific
tasks outlined below.

Principal investigators will deposit representative voucher specimens
with the Academy. All of the data will be coded on an IBH System 6/452
Information Processor and sent to NODC. The specimens will be maintained as a
separate collection for a period of 5 years, marked distinctly, and then

i n t e g r a t e d  i n t o  t h e  m a i n  c o l l e c t i o n s  o f  t h e  A c a d e m y .

B. Specific Objectives:

The California Academy of Sciences is responsible for:

1. Specifying preservation techniques for archival voucher specimens.

2. Coordinating the shipment of materials.

3. Establishing and maintaining a ful”
collections; and

4* Providing quarterly data sumnaries
collections.

y cataloged repository for the

on the status and content of the

C. Relevance to Problems of Petroleum Development:

~lanagement  decisions and monitoring that may be necessary to protect the
OCS marine environment from damage during petroleum development are based on

the accumulation of a data base. The permanent voucher specimen collection
and policy, including the identification policy for field personnel, are aimed

at increasing the reliability of the data collected. The voucher specirnerrs
are permanently available for reference and for confirmation and upgrading of
identifications made by field personnel during the data gathering phase.

III. Current State of Knowledge:

The fauna of Alaska, while similar to that of other parts of the North
P a c i f i c ,  i s  n o t  v e r y  w e l l  k n o w n . i d e n t i f i c a t i o n s  o f  c e r t a i n  g r o u p s  o f

o r g a n i s m  i s  d i f f i c u l t  b e c a u s e  o f  a  l a c k  o f  a d e q u a t e  l i t e r a t u r e  o r  p r i o r

s t u d i e s . The utilization of the identification and voucher policy will
increase the reliability and usefulness of the biological baseline data
collected by OCSEAP.

IV. Study Area:

Voucher specimens will be received from studies conducted throughout the
OCSEAP study area.

514



4

v. Sources, Methods and Rationale of Data Collection:

All specimens will be provided by the individual project principal
investigators. Standard curation techniques will be used to process the
incoming materials, allowing for the variability of the specinens received.
Once each voucher specimen shipment is processed, the specimen data infor-
mation wil l  be e lectronical ly  processed and t ransferred to  NODC and the
principal investigators.

VI. Results:

The final voucher
labels to be completed
3000 of them forwarded

specimen policy was submitted and approved. Specimen
by project principal investigators were printed and
to the Juneau Pro.iect Office on 30 October. On 6-7

N o v e m b e r ,  t h e  P r o j e c t  O f f i c e  s e n t  a  cove;ing  l e t t e r  o f  i n s t r u c t i o n ,  a  c o p y  o f

t h e  f i n a l  v o u c h e r  p o l i c y ,  a n d  specinen  l a b e l s  t o  r e s e a r c h  u n i t s  a s s o c i a t e d

w i t h  t h e  B e r i n g  S e a - G u l f  o f  Alaska  P r o j e c t  O f f i c e . O n  2 1  N o v e m b e r  s i m i l a r

i n f o r m a t i o n  w a s  s e n t  t o  t h o s e  p r i n c i p a l  i n v e s t i g a t o r s  i n v o l v e d  in current and
terminated projects administered through the Arctic Project Office.

The project workroom/laboratory and storage area was completed during the
quarter with the addition of counters and a sink. This and the approximately
$7,500 of metal shelving was provided from non-BLN/NOAA  funds.

At the end of 1978, all steps had been completed so that the voucher
specimen program was fully operational.

On 14 November, Dr. t4cCain  (RU 73) was the first principal investigator
to inform the repository that his unit was ready to send specimens. Shipping
containers, packing materials, and instructions were sent to him by us.

On 16 Narch 1979, Dr. Blackburn sent voucher specinens of fish for RU
numbers 486, 512, 552. These have been accessioned (CAS Acc.#1979-111: 16) and
transferred to 75% ethanol. On 19 I:[arch 1979, Dr. Larrance (RU 425) sent the
first shipment of phytoplankton under the revised phytoplankton  policy. Each

l o t  o f  phytoplankton c o n s i s t e d  o f  a  r e p r e s e n t a t i v e  s t a t i o n  s a m p l e  w i t h  a n

accompanying species list. The samples were accessioned  (CASACC.#1979-III:19B)
and will be maintained in 3% buffered fornalin.

VII. Discussion:

The problem of how to provide voucher specimens of phytoplankton  was
elicited by Dr. Homer (RU 353). It was established by the Data Manager,
Homer, and the repository that since actual specimens could not be isolated
because of the large numbers of sanples involved and because of technical
problems of specimen isolation and preservation, a subsanple or the
remaining plankton sample, accompanied by a species list for the sample, would

serve very well as a voucher for the species encountered, identified, and
counted in the subsamples analyzed.

The University of Alaska raised questions of compliance with the voucher
p o l i c y  f o r  p r o j e c t s  w e l l  u n d e r w a y  o r  c o m p l e t e d  p r e v i o u s l y .  T h e i r  c o s t

estimates for each research unit to assemble a voucher series were high. It
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is of our opinion that much of the expense involves the complet~ion of rather
detailed voucher specimen labels. We propose that since the specimens
probably already have iome data with them (cruise, station, identification)
and if the remaining data (cruise report data, etc.) can be provided in text
fore, we will prepare the Specimen- labels.’ They would need funds for personnel
to select the voucher specimens and for packing the specimens+

Because of a lack of specimens to process, the full-time curatorial
assistantwas  temporarily terminated on,19 December and employed by another
Academy department to conserve project funds. She returned to the project

.,

1 April on a halfti~e basis until sufficient Material arrives to,require
full-time employment.

, . ,
VIII. Conclusions: , ,.’

Problems of selecting voucher specimens for phytoplankton  and completing
voucher specimen labels for previously completed projects have been so)ved.
Project funds have been conserved due to delays in rece”ipt of specimens.

,.

Specimens are now being sent by investigators, and we anticipate no prcblem
in meeting the task objectives.

Ix. N e e d s  f o r  F u r t h e r  S t u d y :

The voucher specimen policy and field identification procedures should be
continued through the OCSEAP data gathering phase.

x. Summary of January-March Quarter: ,

A. Laboratory Activities:

Two shipments of voucher specimens were received in March. The first
shipment was received fron Dr. Blackburn (RU 486, 512, 552) fro~ the Alaska
D e p a r t m e n t  o f  F i s h  a n d  G a m e . The shipment consisted of 90 lots and 109
specimens, representing approximately 90 species of fishes. The specimens
were accessioned (CAS Acc.#1979-111:  16) and transferred to 75% ethanol.

The second shipnent was received from Dr. Larrance (RU 425) of the
Pacific Marine Environmental Laboratory. This shipment consisted of 36
lots of phytoplankton,  with each lot representing a separate station with an
accompanying species list. The samples were accessioned (CAS Acc,#1979-III:19B)
and will be maintained in 3% buffered formalin.

1. Ship or Field Trip Schedule: Not applicable

2. Scientific Party:

Dr. William N. Eschmeyer, Chairman and Curator, Department of
Ichthyology. Principal Investigator.

Mr. Dustin Chivers, Senior Scientific Assistant, Department of

I n v e r t e b r a t e  Z o o l o g y .  I n v e r t e b r a t e

C o o r d i n a t o r .
M s .  S u s a n  G r a y  l~arelli,  C o l l e c t i o n  hlanager.

Other Acadeiny:curators  as needed.
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3. Methods:

All of the incoming voucher specimens are curated by the

procedures outlined in the the Voucher Specimen Policy. Final
bottle labels and data capture will be made on an IBN System
6/452 Information Processor.

D. Sample Localities:

Voucher specimens will be received from throughout the OCSEAP

study area.

E. Data Collected or Analyzed:

The first two shipments of voucher specimens were received
late in the quarter and processing has begun.

XI. Auxiliary Material: Not applicable at this time.
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